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LAMME AWARD—ROY ANDREW SEATON 


To Roy Andrew Seaton—for his leadership in engineering education 
arising from devotion to sound teaching and appreciation of the value of 
research; for his skill in the guidance of professional societies through his 
conception of their needs and his power of administration; for his service 
to his country through the development of emergency training in engineering 
in time of war; and for his demonstration of the value of basic engineering 
training in the solution of large social and economic problems—the Lamme 
Medal for Achievement in Engineering Education is awarded. 


Roy ANDREW Seaton, the fifteenth Lamme Medalist of the 
Society for the Promotion of Engineering Education, was born in 
Glasco, Kansas, April 17, 1884. He was educated at Kansas State ~ 
College, which awarded him Baccalaureate and Master’s degrees in 
1904 and 1910. During an absence on leave he studied at Massa- 
chusetts Institute of Technology and was granted an §8.B. in Me- 
chanical Engineering in 1911. He also studied one stimmer at the 
University of Wisconsin. He has been connected with Kansas 
State College in educational and administrative work since 1904, 
with the exception of three short leaves. He has served in order 
as instructor and assistant professor of Mathematics, instructor 
and assistant professor of Mechanical Engineering, Professor of 
Applied Mechanics and Machine Design, and, since 1920, as Dean 
of the Division of Engineering and Architecture and Director of 
the Engineering Experiment Station. He acted as a design drafts- 
man in the Steam Turbine Department of the General Electric 
Company in the year 1911-12. 

Mr. Seaton has on three occasions acted in the service ‘of the 
United States Government. From January to December, 1918, 
he served as Captain in the Engineering Division of the Ordnance 
Office, United States Army, Washington, D. C., designing artillery 
ammunition. In 1940 he was chairman of the Kansas Advisory 
Committee of the National Youth Administration. From 1940 to 
1942 he has been Director of Engineering, Science, and Manage- 
ment Defense Training, United States Office of Education, Wash- 
ington, D. C. 

He was a Director of the National Council of State Boards of 
Engineering Examiners in 1935-37 and has been chairman of the 
Kansas Registration Board for Professional Engineers since 1931. _ 

He is a member of the American Society of Mechanical Engi- 
neers and is a past vice-chairman of the Mid-Continent Section. 
In other societies, he was president of the Kansas Engineering 
Society in 1930-31; for the Engineering Section of the Association 
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of Land-Grant Colleges and Universities he was secretary from 1925 
to 1929 and chairman in 1929-30. He is an honorary member of 
the American Association of University Professors and a member 
of Phi Kappa Phi, Sigma Xi, Sigma Tau, and Acacia. 

As a writer, he published in 1916 a book on Conerete Construc- 
tion for Rural Communities; also many bulletins and articles in 
the technical press. He was editor of the Engineering Experi- 
ment Station Record Quarterly of the Association of Land-Grant 
Colleges and Universities from 1925 to 1929 and of the Engineering 
Experiment Station Record Summary in 1929. 

When the Engineers’ Council for Professional Development was 
organized he took an immediate and active interest in its work. 
He was a member of the Committee on Professional Training from 
1933 to 1938. He was a member of the Delegatory Committee for 
Region V, representing the Committee on Engineering Schools, 
for the period 1936-40. During this period it will be recalled that 
the E. C. P. D. undertook and carried through the examination and 
accrediting of all engineering schools in this country, which stands 
as a great piece of constructive work in engineering education. 
He has represented the §. P. E. E. on the governing board of 
E. C. P. D. from 1937 to date. 

For our own Society for the Promotion of Engineering Educa- 
tion he has been active for thirty years. As chairman of the Com- 
mittee on Engineering Research, he made a survey of all the engi- 
neering research activities of the engineering colleges of North 
America and compiled a summary report which was published in 
the JOURNAL OF ENGINEERING EpucatTion for February, 1931. This 
is believed to be the most complete study of this subject ever at- 
tempted. In the same capacity he organized and conducted in 1932 
at the annual meeting a conference on engineering research, which 
helped to set the pattern for the numerous committee and divisional 
conferences so profitably held since that date. As a charter mem- 
ber of the Kansas-Nebraska Section, he emphasized the great value 
of such sections in stimulating and improving the work of engineer- 
ing teachers, many of whom could afford only very occasional 
attendance at the meetings of the parent society. Later, as chair- 
man of the S. P. E. E. Committee on Sections, he promoted actively 
the organization of other sections, which have had an important 
influence in the development of engineering education in their 
respective areas. As chairman of the Committee on Institutional 
Membership for several years, he has brought into closer relation- 
ship with the Society many important engineering schools and 
some of the national engineering societies. He was a member of 
Council in 1926-29; vice-president in 1930-31, and president in 
1932-33. 
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As Director of Engineering, Science, and Management Defense 
Training for the United States Office of Education for the past 
two years, he has organized and administered a nationwide. pro- 
gram of short courses of college grade, given by more than 200 
degree-granting colleges and universities and designed to meet the 
shortage of engineers, chemists, physicists, and production super- 
visors in fields essential to the national defense. Starting in De- 
cember, 1940, the total enrollment in these courses has already 
exceeded 500,000. 

In 1913 Mr. Seaton married Gay Perry, who died in 1918. One 
son, James Newell, survives. In 1921 he married Elnora Wana- 
maker, of Blue Rapids, Kansas. They have four children—Sarah 
Frances, Robert Wanamaker, Elnora Margaret, and Roy Andrew, 
II. Their home is in Manhattan, Kansas. 


ACCEPTANCE OF LAMME MEDAL 


Roy ANprew Seaton (Kansas State College): I appreciate 
most sincerely the honor you have done me tonight. The announce- 
ment of the Lamme Award Committee came as a great surprise to 
me, and [I still do not understand it, but I am glad to accept this 
medal with real gratitude and in deep humility. 

I cannot let this occasion pass without expressing also to the 
many members of the Society assembled here, and the institutions 
that they represent, my heartiest thanks for the splendid codpera- 
tion they have given me in the last two years in connection with 
the Engineering, Science, and Management Defense Training which 
I have been privileged to direct. 

This nation owes a deep debt of gratitude to the officers and 
members of this Society who, two years ago, were far-sighted enough 
to lay the foundations for this specialized training which has done 
so much to prepare our country for the tragic war in which it is 
now engaged; and our chances of success in this war have been 
greatly enhanced by the splendid codperation of the engineering 
schools and engineering educators all over the country in the pro- 
gram of defense training. } 

I want to express my own sincere appreciation for the many 
courtesies that so many of you have shown me, and I wish to be- 
speak for my successor as director of that program, the same splen- 
did coéperation which you have given me. I know that he will 
receive it. 
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HENRY T. HEALD, PRESIDENT, 1942-43 


Guiding spirit of one of the ‘‘newest old’’ engineering schools 
in the nation, one of the country’s largest technological schools, is 
Henry T. Heald, president of the Society for the Promotion of 
Engineering Education for 1942-43, president of Illinois Institute 
of Technology, Chicago. 

The youngest president in the history of the Society, Henry 
Townley Heald has already had a career filled with experience 
that places him in a logical position to direct the activities of the 
country’s leading engineering society in an era when engineering 
is one of the foundation stones of a great nation at war. 

For under his direction Illinois Institute of Technology was 
geared to a war tempo a year before Pearl Harbor. Through his 
foresight, the Institute has become the center of defense training 
in the Midwest as well as a great center of technological education. 
And under his administration Illinois Tech’s defense training 
program has become the greatest such program at any privately- 
endowed school in the United States. But more than a guide for 
the Institute, President Heald epitomized the spirit that formed 
Illinois Tech. President of Armour Institute of Technology from 
1938 to 1940, he helped make possible the merger of that school 
with Lewis Institute to form Illinois Institute of Technology. He 
led the program of coéperation with Midwestern industry that 
made possible the establishment of the new school and now makes 
possible its growth. 

Firmly entrenched in the traditions of service maintained by 
the two old and established Institutes of which Illinois Tech is 
formed, Henry T. Heald is helping the combined Institute to con- 
tinue those traditions. But just as firmly convinced that that 
combined Institute has a greater role to play, he has a new vision 
of a larger future fused with those older traditions. 

President Heald is 37 years old—he was born November 8, 1904, 
in Lineoln, Neb. He received his Bachelor of Science degree in 
civil engineering from Washington State College when he was 18 
years old, in 1923. Two years later, Heald had received his Master 
of Science degree in civil engineering from the University of - 


-Illinois. For several years, he was a practicing engineer. He 


spent three summers on surveying parties in the employ of the 
United States Government in Washington state. He was an engi- 
neer with the U. S. Bureau of Reclamation at Pendleton, Ore., on 
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construction of the McKay Dam in 1923-24. In 1925-26 he was a 
designer with the bridge department of the Illinois Central Rail- 
road in Chicago. During 1926-27 he was a structural engineer 
with the bureau of design, board of local improvements, Chicago. 

His academic career began in September, 1927, at the age of 22, 
when he became assistant professor of civil engineering at Armour 
Institute of Technology. Through positions as associate professor, 
assistant to the dean, dean of freshmen, dean of the Institute and 
acting president, he became president of Armour in May, 1938. 
And he was chosen to continue as president of Illinois Institute of 
Technology in July, 1940, when the merger of Armour and Lewis 
opened a new era for Midwestern engineering education. 

In addition to serving as president of the Institute itself, he is 
president of the Institute of Gas Technology, an Illinois Tech 
affiliate founded in June, 1941, for graduate study and research in 
gas technology. And he has been instrumental in the development 
of the Armour Research Foundation, affiliated with and located at 
Illinois Tech, founded only five years ago ‘‘to render an engineering 
and research service to industry’’ and already one of the largest 
organizations of its kind in the nation. 

If that career in itself did not obviously make Henry Townley 
Heald one of the outstanding young men in the nation, he has been 
officially given that title. In 1940 he was selected by the National 
Junior Association of Commerce as one of ‘‘The Ten Outstanding 
Young Men in America.’’ During the same year he won the Dis- 
tinguished Service Awards of both the Chicago and the [llinois 
Junior Associations of Commerce. 

Two new honors have been bestowed upon the Illinois Tech 
executive this year by two colleague institutions. He received an 
honorary Doctor of Engineering degree from Rose Polytechnic 
Institute, Terre Haute, Ind., at its 1942 commencement, and a 
Doetor of Laws degree from Northwestern University, Evanston, 
Ill., at its dedication of its new Technological Institute. 

The list of Henry T. Heald’s affiliations and services to com- 
munity, state and nation is almost endless. He served as director 
of the civil engineering division, as a member of the national 
council and as vice-president of the Society for the Promotion of 
Engineering Education before being elected president in June. 
He is a member and former trustee of the Western Society of Engi- 
neers and has served as chairman of numerous Society committees. — 
He is a member and former vice-president of the Illinois Engineer- 
ing Council, and he is a member of the American Society of Civil 
Engineers, the American Society of Mechanical Engineers, the 
American Public Works Association, and the American Association 
for the Advancement of Science. 
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He is regional adviser for the Engineering, Science and Man- 
agement Defense Training under the United States Office of Educa- 
tion for District 15, which includes Illinois and parts of Wisconsin 
and Indiana. He is also regional adviser to the subcommittee on 
safety engineering defense training and is a member of the Sixth 
Regional Labor Supply Committee. In addition, President Heald 
also finds time to be active in civic affairs. He now serves as 
director of the Greater Chicago Safety Council and director of the 
First Federal Savings and Loan Association. He is a member 
of the Chicago Association of Commerce and has been a member 
of its committee on education for four years, and he is now vice- 
president of the Chicago Rotary Club and has in the past served 
as committee chairman and committee member on many of its 
important committees. 

Other Chicago club memberships and affiliations of President 
Heald include the University Club of Chicago, the Commercial 
Club, the Chicago Engineers Club, the Chicago Club, and the City 
Club of Chicago. Honorary fraternities of which he is a member 
include Tau Beta Pi, Sigma Tau, Phi Kappa Phi and Chi Epsilon. 

President Heald is a contributor to numerous technical pub- 
lications, including the JoURNAL OF ENGINEERING EDUCATION, and 
is the author of various reports and bulletins. He is married, his 


wife being the former Miss Muriel Starcher of Yakima, Wash- 
ington. 
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TO THE MEMBERSHIP 


The program for the 1942 meeting of the Society was largely 
devoted to the work of the engineering colleges in the war effort. 
The general sessions included many timely and authoritative state- 
ments by Government officials and members of the Society which 
are of immediate interest. Consequently, much of this material is 
presented in this issue of the JourNAL, published ahead of the regu- 
lar schedule in order to make it immediately available to all mem- 
bers of the Society. 

During the coming year, many important problems created by 
the war will continue to present themselves to engineering schools 
and engineering educators. In accordance with action taken by 
the Council and the membership, at the annual meeting, your 
Executive Committee considers its major task during 1942-43 to 
be codperation with Government agencies engaged in the prosecu- 
tion of the nation’s war program. Every effort will be made to 
assist the War Production Board, the War Manpower Commission, 
the Selective Service System, and the Joint Army and Navy Per- 
sonnel Board in the development of sound policies for the proper 


utilization of the students, faculty, and facilities of the engineering 
colleges. 


Henry T. HEALp, 
President. 





NATIONAL HEADQUARTERS 
SELECTIVE SERVICE SYSTEM 


21st Street and C Street N.W., 


Washington, D. C. 
June 18, 1942 


OFFICIAL RELEASE 


OCCUPATIONAL BULLETIN (NO 10) 
SUBJECT: SCIENTIFIC AND SPECIALIZED PERSONNEL 
EFFECTIVE : IMMEDIATELY 
DISTRIBUTION : STATE DIRECTORS 
BOARD OF APPEAL MEMBERS 
LOCAL BOARD MEMBERS 


GOVERNMENT APPEAL AGENTS 


Part I 


1. There are certain persons trained, qualified, or skilled in 
scientific and specialized fields who, if engaged in the practice of 
their respective professions, are in a position to perform a vital 
service in activities necessary to war production and in activities 
essential to the support of the war effort. 


Part II 


1. The National Roster of Scientific and Specialized Personnel 
has certified to the Director of Selective Service that in activities 
necessary to war production and in activities essential to the sup- 
port of the war effort, there are certain ‘‘critical oceupations”’ 
which for the proper discharge of the duties involved require a 
high degree of training, qualification, or skill in scientific and 
specialized fields. The critical occupations in these scientific and 
specialized fields, as certified to the Director of Selective Service, 
are listed on page 4, attached to this bulletin. 

2. All of these critical occupations, as listed, require highly 
specialized periods of training of two years or more. The critical 
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occupations on the attached list exist within the provisions of Part 
V, Memorandum to All State Directors (I-405). 


Part III 


1. The National Roster of Scientific and Specialized Personnel 
has certified to the Director of Selective Service that there are 
serious shortages of pxrsons trained, qualified, or skilled to engage 
in these critical occupations in activities necessary to war produc- 
tion and in activities essential to the support of the war effort. 
These shortages exist within the provisions of Part VII, Memo- 
randum to All State Directors (I-405), and accordingly careful 
consideration for occupational classification should be given to all 
persons trained, qualified, or skilled in these critical occupations 
and who are engaged in activities necessary to war production 
or essential to the support of the war effort. 


Part IV 


1. There are many registrants who are in training and prepara- 
tion to acquire the qualification or skill to engage in these critical 
occupations. Normally the period of training and preparation to 
acquire the necessary qualification or skill in these scientific and 
specialized fields extends over a period of four academic years in 


a recognized academic, professional, or technical college or uni- 
versity. In many instances, however, it is necessary for persons 
to have additional study in a recognized academic, professional, or 
technical college or university in order to acquire the more highly 
specialized qualification or skill necessary for the performance of 
particular services in activities necessary to war production or 
essential to the support of the war effort. Persons engaging in 
further studies in addition to the four academic years normally 
required are referred to as graduate or postgraduate students. 

2. A registrant who is in training and preparation for one of 
these scientific and specialized fields may not be considered for 
occupational classification until the close, or approximately the 
close, of his second or sophomore year in a recognized college or 
university. 

3. A registrant who is in training and preparation for one of 
these scientific and specialized fields may be considered for occu- 
pational deferment at the close, or approximately at the close, of 
his second or sophomore year in a recognized college or university if | 
he is pursuing a course of study upon the successful completion 
of which he will have acquired the necessary training, qualifica- 
tion, or skill, and if he gives promise of continuing and will be 
acceptable for continuing such course of study and will undertake 
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actual further classroom work within a period of not to exceed 
four months from the close of his second year. 

4. A registrant who is in training and preparation for one of 
these scientific and specialized fields shall be considered for occu- 
pational classification during his third and fourth years in a 
recognized college or university, provided that he gives promise 
of the successful completion of such course of study and the ac- 
quiring of the necessary degree of training, qualification, or skill. 

5. A graduate or postgraduate student who is undertaking 
further studies for these scientific and specialized fields, following 
the completion of the normal four academic years, may be con- 
sidered for occupational classification if, in addition to pursuing 
the additional studies, he is also acting as ‘‘graduate assistant’’ in 
a recognized college or university or is engaged in scientific re- 
search related to the war effort and which is supervised by a 
recognized Federal agency. A graduate assistant is a student in 
postgraduate studies who, in addition, is engaged in the teaching 
and instruction of undergraduate students in these scientific and 
specialized fields. 

6. When a registrant has completed his training and prepara- 
tion in a recognized college or university and has acquired a high 
degree of training, qualification, or skill in one of these scientific 
and specialized fields, such registrant should then be given the 
opportunity to become engaged in the practice of his profession 
in an activity necessary to war production or essential to the sup- 
port of the war effort. In many instances following graduation 
from a recognized college or university, a certain period of time 
will be required in the placing of trained, qualified, or skilled 
personnel in an essential activity. When a registrant has been 
deferred as a necessary man in order to complete his training and 
preparation, it is only logical that his deferment should continue 
until he has an opportunity to use his scientific and specialized 
training to the best interest of the nation. Accordingly, following 
graduation from a recognized college or university in any of these 
scientific and specialized fields, a registrant should be considered 
for further occupational classification for a period of not to exceed 
60 days in order that he may have an opportunity to engage in a 
critical occupation in an activity necessary to war production or 
essential to the support of the war effort, provided that during 
such period the registrant is making an honest and diligent effort 
to become so engaged. 

(signed) Lewis B. HersHeEy, 
LBH/phw Director. 
DISTRIBUTION ‘‘A, B, C, D, E, F”’ 
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CRITICAL OCCUPATIONS 
SCIENTIFIC AND SPECIALIZED PERSONNEL 


Accountants 
Chemists 
Economists 
Engineers 
Aeronautical Engineers 
Automotive Engineers 
Chemical Engineers 
Civil Engineers 
Electrical Engineers 
Heating, Ventilating, Refrigerating, and Air Conditioning 
Engineers 
Marine Engineers 
Mechanical Engineers 
Mining and Metallurgical Engineers, including Mineral 
Technologists 
Radio Engineers 
Safety Engineers 
Transportation Engineers—Air, Highway, Railroad, Water 
Geophysicists 
Industrial Managers 
Mathematicians 
Meteorologists 
Naval Architects 
Personnel Administrators 
Physicists, including Astronomers 
Psychologists 
Statisticians 











PRIVILEGES AND DUTIES * 


By ALFRED H. WHITE 


Professor of Chemical Engineering, University of Michigan; 
President, 8S. P. E. E., 1941-42 


We are meeting at a fateful time in the world’s history when 
our free institutions are fighting for survival. The war is being 
fought at an accelerated pace with gigantic new instruments of de- 
struction and with many unexpected elements, both in attack and 
defense. It is a war marked by accurate correlation of forces 
striking with great speed and using weapons whose power increases 
every day. Trained and resourceful minds, using knowledge, 
skill and initiative, are needed in the fighting forces and also in 
the larger group which designs, produces and transports the vast 
and varied store of munitions and supplies required by the combat 
forces. The engineer and the scientist are in the forefront of the 
war effort and are being called to new and greater responsibilities. 

The professional engineers constitute only a small fraction of 
our country’s population, and the older men are already employed 
in important positions. The younger engineers just coming out 
of colleges must assume positions of responsibility within a few 
months, but there are not enough even of these young men to meet 
the needs of the armed forces and of industry. The colleges and 
the students have accelerated their programs by remaining in 
almost continuous session throughout the year. By elimination of 
vacations, a four year program can be completed in less than three 
years. Thousands of our engineering students have embarked on 
such accelerated programs, and it is expected that there will be 
an unusually large group of freshmen commencing their engineer- 
ing studies this year. 

Engineering colleges and their teachers have borne a heavy load 
during the past year, and may have to carry even heavier burdens 
in the future. Administrators have been puzzled to read the 
future and worried about finances. Teachers have carried extra 
classes, all too frequently without additional compensation, but 
we have heard nothing of strikes or of demands for increases of 
pay from this group. The additional load has been carried only 


* Presidential Address: Presented at the 50th annual meeting, S. P. E. E., 
New York City, June 27-29, 1942. 
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through definite sacrifices on the part of the teachers and the col- 
leges. A teacher should be alert and inspirational. No one who 
is fatigued can be either. Research and advanced study are 
usually by-products of a teacher’s leisure. If leisure vanishes, so 
do the other two. 

The bright side of the picture shows widespread appreciation 
of the value of the engineer’s services. The extraordinary success 
of our industrial leaders in turning their plants from peace to war 
has heartened our allies and confounded our enemies. It was not 
accomplished by waving a magic wand nor by merely spending 
billions of dollars. No men steeped in traditional methods could 
have done this. It'has been accomplished by the codperation of 
the alert minds of experts laying out flow sheets on the drawing 
board, visualizing each operation, selecting materials, designing the 
proper machines and processes, so that when the staggering array 
of parts comes to the assembly line they will fit into machines which 
will function as planned. 

The attitude of the employers has changed tremendously during 
the last 50 years. I recall clearly the time when a young college 
graduate was taken into a plant on sufferance, told to forget his 
foolish theories, and learn from the experienced practical men 
about him so that in eight or ten years he might perhaps be 
trusted with some responsibility in the plant operations. The 
changed attitude may well be exemplified by a conversation with 
a vice-president of one of our larger corporations. ‘‘When I take 
a young college graduate inté our plant,’’ he told me, ‘‘I tell him 
he will be put on a job and kept there perhaps longer than he thinks 
necessary, for I expect him not only to learn how to do the job as 
well as a skilled workman but also to be constantly searching for 
ways to do that job better.’’ 

One of the factors which has smoothed the transition of the 
young engineering graduate into the practical world has been the 
Engineers’ Council for Professional Development which has laid 
out programs for further study to help the young engineer to 
attain a rounded education as well as further professional skill. 
Our own Committee on Personal Development has acted in close 
coéperation with this group and has been a powerful factor in 
assisting in the transition. 

Not all of our great engineers have been the product of our 
colleges. General Knudsen and Henry Ford were not college- 
trained. Knudsen is reported to have said that when he arrived 
in New York as a penniless immigrant boy, he stood stil] on the 
erowded New York streets gazing in awe at the wonderful build- 
ings. A policeman told him to ‘‘keep moving,’’ and, says Knudsen, 
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‘‘T’ve kept moving ever since.’’ The ambition to keep. moving is 
an indispensable ingredient in success. Training may produce 
hands and minds competent to do the particular task which has 
been taught them. But only those with disciplined minds, keen 
intellectual vision, active imagination, energy and perservance can 
conquer new and complex situations. These attributes are partly 
the result of heredity, and it is one of America’s good fortunes 
that her people are all descendants of immigrants, The pioneer is 
a man who has courage, self-reliance and initiative. The achieve- 
ments of Americans have been partly due to the wonderful re- 
sources of our country and partly to the selective process which 
brought to our shores vigorous and ambitious individuals from 
all parts of the world,—indeed a selected stock. 

Our forefathers valued education and laid the broad base of 
universal education which now carries almost all of our children 
through the primary schools. The next step, that of the secondary 
schools, is in some parts of the country almost as universal as the 
primary foundation. The third step of the pyramid—the college 
—is distinctly smaller and should be reserved for those selected 
because of their high rating in the secondary schools and their 
desire and aptitude for higher education. The privileges of grad- 
uate and higher professional study should be, and are, open to 
a still smaller and more carefully selected group. 

We take pride in our system of universal education and we 
willingly pay heavy taxes for the education of our children, but 
we do not take sufficient interest in what is being taught to them. 
Too many of our children find the school a pleasant place to pass 
the time, but not a place for serious study. Less and less intel- 
lectual effort is being required. The solid intellectual subjects 
may be by-passed, and subjects as frivolous as folk dancing are 
sometimes substituted. 

Provost Hedrick protested vigorously against the poor prepara- 
tion of college students in mathematics in a paper which was 
published last September in our JOURNAL oF ENGINEERING Epuca- 
TION. He cited the results of an examination in arithmetic given 
to over 4000 students in 29 colleges which contained the simple 
question—‘‘ Express % as a decimal.’’ Fifty-nine per cent of the 
group were unable to answer this question correctly and 64 per 
cent of the same group were unable to tell whether “4; was greater 
than 1%%4,;. 

There may perhaps be some excuse for holding that toddlers in 
the elementary schools should not be given formal lessons, but 
surely it is time to demand that all students in our junior and 
senior high schools be required to learn arithmetic and acquire 
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facility in solving simple problems. Every high school program 
should contain a substantial backbone of required courses which 
require intellectual effort and application. Our engineering col- 
leges have consistently required such a backbone, and are to be 
commended for their refusal to lower their requirements for 
admission. 

Our engineering students are fortunate in that they enter col- 
lege with a definite goal ahead of them. Many years ago I heard 
the famous negro educator, Booker T. Washington, illustrate the 
value of a definite aim. He told the story of the white man who 
hired a negro to bring his plow and mule to plow a field. The 
employer accompanied the plowman to the field to see that the 
work was properly started, and after indicating the approximate 
boundaries of the plot, he said: ‘‘Make your first furrow to that 
cow.’’ An hour later he came back to find the field crisscrossed 
with single furrows and to receive the explanation from the per- 
spiring negro: ‘‘Fo’ de Lord, boss, I can’t catch up to that cow.”’ 

The children in the primary schools should be taught that they 
have an obligation to their fellows and not encouraged to develop 
their own personalities at the expense of others. 

We despise the Nazi doctrines and their method of teaching 
hate by distorting facts and putting out downwright lies, but we 
may learn from them how loyalty and codéperation may be instilled 
into the minds of children. Our country has prided itself on its 
freedom. We must maintain freedom of opinion and freedom of 
thought, but not harmful freedom of action. Tolerance is a vir- 
tue, but it may degenerate into a polite term for lazy indiffer- 
ence. Even our children in the primary school should be taught 
that privileges and responsibilities are inseparable and that both 
must be cherished, if the peoples of the world are to become free 
and remain free. 

War is always destructive and harmful. Will the total war in 
which we are now engaged disrupt our mode of life so profoundly 
that our whole civilization, spiritual as well as physical, may 
erumble? We have had no wars in the past as extensive as this 
one, nor have we had one with such terrible forces unleashed. 
But in the past Europe has suffered greater devastation by the 
Thirty Years War and the Napoleonic Wars. Each time the 
ravaged countries have rallied and have resumed their scientific 
and technological development. The cause of justice and freedom 
for individuals has also, on the whole, progressed, but nations 
must still rely on force if they are to keep their freedom. 

The present war illustrates again the lack of law and justice 
in aggressor nations who subordinate everything to their own lust 
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for power. When victory finally comes to the forces of freedom, 
there will still be momentous questions to be solved. Nations 
must be protected in their right to peace and security. Aberrant 
nations must be restrained by force just as lawless individuals 
are now restrained. The problems of the post-war world must 
not be solved by an emotional appeal. Nor must we have patience 
with the phrase, ‘‘History repeats itself.’’ We, who are scien- 
tists, know that if we wish to repeat an experiment we must care- 
fully control every variable, and that even in our laboratories we 
often find it difficult to make history repeat itself. An airplane in 
the sky may appear to the observer on the ground to be flying in 
circles and repeating its path while actually it is soaring in 
ascending spirals. So, in world affairs, we can see that instead 
of repetition there has been continued progress, certainly in the 
relations of individuals with each other, and less clearly in the 
relations of nations. 

The first world war was waged with the slogan, ‘‘Make the 
world safe for Democracy.’’ It may be fairly argued that it did 
succeed in this and did give the opportunity to make the world 
safe for democracy. But it did not make democracy fit to rule 
the world. The feeble organization set up for the control of inter- 
national relations was but a shell without driving force or ade- 
quate controls. It broke down like an automobile of forty years 
ago. But just as the manufacturers of forty years ago profited 
by their mistakes, remedied the weaknesses, one by one, and in a 
generation evolved a reliable and smooth working motor car, so 
may the nations evolve an effective instrumentality for peace. But 
an enduring structure to maintain peace must be designed and not 
dreamed. Foundations must be tested, opposing forces measured, 
materials appraised, alternative designs considered, and finally 
that one selected which will best suit the conditions. It must be 
built as the engineer builds and not as the politician tinkers. 

Democracy progresses much like a crab with a multitude of legs 
moving in an apparently uncodrdinated manner. It will never 
be possible for a million people to form an opinion and decide on 
a course of action as rapidly as a single individual. But with uni- 
versal education, and the modern facilities of the press and radio, 
it should be possible for this generation to form an intelligent 
opinion much more rapidly than its fathers could. 

Probably none of us will have much opportunity to influence 
world affairs, but each of us can and should play a part in those 
things which lie close to our hands. We may each take an interest 
in the parent-teacher associations, community fund and other civic 
organizations. The community which learns to appreciate the 
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engineer’s method of approaching local problems will have con- 
fidence in the engineer as a manager of national affairs. 

We, as college teachers, should interest ourselves in public 
affairs and should impress on our students that the privileges they 
have received impose on them the duty of active participation in 
community problems. The engineers have wrought wonders in 
the material world. If they exert an active influence, they can 
speed the day when scientific methods will be applied to the world 
of human relations and then the world will indeed become safe for 


democracy. 





THE ENGINEERING CORPS AND THE COLLEGE * 


By GENERAL R. C. CRAWFORD, Commandant 
United States Army Engineer School, Fort Belvoir, Va. 


It is a pleasure to appear before you today and to present to 
you my views on the part which the engineering schools of the 
nation are playing in the War effort. ‘The work which they are 
doing falls into two classes, namely, (1) The training of personnel 
for the armed forces and industry, and (2) Research. I will deal 
today only with the personnel problem. The research and develop- 
ment work which is being done in the laboratories of many of our 
technical schools is of far-reaching importance and may have a 
decisive effect upon the war effort, but for obvious reasons such 
matters are not for public discussion. Suffice it to say that the 
scientists in our college laboratories are doing their part effectively 
in a quiet and unobtrusive way that will not be appreciated by the 
publie until the history of these days is written. 

As Commandant of the United States Army Engineer School 
at Fort Belvoir, Virginia, I have had the opportunity during the 
past two years to observe large numbers of graduates of our Engi- 
neering colleges who have passed through that school. 

Prior to the expansion of the Army that began in the fall of 
1940, the officers of the Corps of Engineer Reserve were almost 
exclusively graduates of engineering colleges and technical schools, 
and the majority of them were products of the R. O. T. C. units. 
A plan was adopted in 1940 to send as many of these officers as the 
capacity of the school could accommodate to the Engineer School 
for a six weeks’ refresher course in military engineering prior to 
their assignment to tactical units of the new Army. Under this 
plan 2514 reserve officers passed through the school between Novem- 
ber 1940 and March 1942. 

Although the number of reserve officers in the Corps of Engi- 
neers in 1940 appeared large, it became evident late in 1941 that 
this source would soon be dried up and reliance would have to be 
placed upon obtaining officer material from the ranks of the Army 
and training that material in officer candidate schools. 

The first officer candidate school for approximately 100 ap- 
plicants was conducted during the months of July-September 1941. 


* Presented at the 50th annual meeting, S. P. E. E., New York City, June 
27-29, 1942. 
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That school has been gradually expanded until today there are 
approximately 3100 candidates undergoing training at Fort Belvoir. 

It has been obvious for some time that the large number of 
officers required cannot be furnished from graduates of Engineer- 
ing Institutions. In addition to the needs of the Corps of Engi- 
neers, the other branches of the army—particularly the Ordinance 
Department, the Signal Corps, the Air Corps and the Chemical 
Warfare Service—have large demands for technically trained 
officer material. And the same is true of the Navy. All these 
demands are superimposed upon the demands by industry for more 
and more graduates of engineering colleges and technical schools 
in order to carry on the large armament production program of 
the country. 

Actually, every branch of the Army requires men of technical 
training and experience. I think it is generally recognized that, 
as a class, the engineering graduate makes the best type of officer 
material for all branches. This is natural, not only because of the 
highly technical character of modern warfare, but also because the 
mental processes that are inculeated in the engineering student are 
those which are the most akin to the processes that are required in 
the solution of tactical problems. It might also be added that be- 
cause of the training in the handling of men and materials which 
the engineer is most likely to have, he has had more opportunity 
to develop the qualities of leadership which are essential to an 
officer. 

Because of the exhaustion of the supply of technically trained 
men, the standards of education for acceptance at the Engineer 
Officers Candidate School, therefore, cannot be set very high. 
The War Department has recognized this fact and has stated that 
the primary mission of the officer candidate schools is to produce 
platoon commanders for units of the field forces, and not technical 
experts in research, planning, design, construction, and allied fields. 

The result of this is shown in the statistics on 4,460 candidates 
who have entered the Engineer School to date. Of this number, 
8.0 per cent have been graduates of engineering schools, 22 per 
cent graduates of colleges other than engineering, 40 per cent have 
had one or more years of college training, 21 per cent have been 
high school graduates, and 9 per cent have not graduated from 
high school. That is to say: 30 per cent are college graduates, 70 
per cent are non-graduates. 

The curriculum of the school is not highly technical in char- 
acter. The platoon commander that we are trying to produce will 
not, in the usual case, be called upon for the solution of technical 
problems requiring a profound knowledge of engineering. A 
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knowledge of simple algebra and plane geometry should be ade- 
quate to enable him to pass the academic subjects that are included 
in the course. More than half of the course is devoted to outdoor 
instruction in practical methods of utilizing the standard equip- 
ment of the engineers and improvised means to meet the large 
variety of problems that will confront the commander of an engi- 
neer platoon. These include problems in roads, bridges, demo- 
litions, water supply, obstacles, and camouflage. The classroom 
work consists of conferences, lectures, and problems involving a 
certain essential amount of theory on these subjects. This theory, 
especially in the subjects of the Use of Maps and Aerial Photo- 
graphs, the building of Simple Bridges, and the Use of Demoli- 
tions, requires simple mathematical computations or the use of 
standard formule. These three subjects: Map Reading, Military 
Bridges, and Demolitions, are the cause of the greatest number of 
our academic failures. 

The statistics on the rate of attrition among officer candidates 
at the Engineer School may be of interest to you in this connec- 
tion. Our average rate of attrition covering approximately 2,300 
candidates, including losses from all causes, has been 21 per cent. 
Of this 21 per cent, 7 per cent represents the losses from academic 
failures, and 11 per cent from failures to measure up to the mini- 
mum standard of leadership. The remaining 3 per cent is made 
up of losses due to resignations, sickness, and so forth. 

Looking into the educational qualifications of those who have 
failed in the course, we have found that the rate of attrition for 
deficiencies in leadership and academic subjects is 13 per cent 
among men with college training, and 18 per cent among those 
with no college training. The margin of difference is not so pro- 
nounced as one might at first expect. The figures indicate a de- 
sirability of college training, but at the same time they are an 
indication of the rather elementary character of our course of in- 
struction in which the advantages of higher education are not 
particularly stressed. 

I have dwelt on this problem of officer material in its special 
application to the Corps of Engineers of the Army because I think 
it points the way to the principal thing which the engineering 
schools of the nation can do to further the war effort. 

The question of officering an Army in the present day is a more 
serious one than most people realize. We have centered our at- 
tention and our energies on the production of weapons and the 
materials of war, and rightly so, as we are the only great source 
of munitions available to our allies. But to utilize our large man- 
power in the final overthrow of the enemy, we must have troops 
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that are well led. Tanks, planes, guns, and ships are necessary, 
but in the final analysis we will succeed or fail in the proportion 
in which we can supply leadership for our troops on the battlefield. 

In the armies of our enemies the training of an officer for com- 
bat is a task that is measured in terms of years. In our army we 
measure it in terms of weeks. As the enemy got an early start 
on us in the production of munitions, so likewise he got a start on 
the training of officers. This is a handicap which we must over- 
come as we overcame the handicap in the field of production of 
war materials. But it is a more serious handicap because, in the 
latter field, we entered the race with a peace-time industrial or- 
ganization that was the wonder and envy of the whole world. 

The production of officer material for the large armies that we 
will require must be based upon our educational system. We are 
not a militaristic nation, and must rely on training the citizen for 
military service in the relatively brief period that is available to 
us after a war breaks out. The educational system in such a na- 
tion as ours must be so designed that the period required for the 
transformation of the citizen into the soldier will be reduced. This 
was done to some extent after the last war by the expansion of 
the R. O. T. C., but we see now that it was not adequate. 

The problem then is how to make up the ground we have lost 
and overcome this self-imposed handicap. It is not practical to 
meet it by expanding the R. O. T. C. units in our colleges. The 
trained officers for this duty and the necessary equipment are just 
not available. However, there are many subjects which it is es- 
sential that the soldier know and be trained in, that can be taught 
by civilian instructors in our colleges. Such subjects, although 
essential in war, will also have a considerable application in civi- 
lian pursuits. The time devoted to them, if acquired at the ex- 
pense of other parts of a curriculum, is not entirely lost in the 
larger preparation of the man for peace-time activity. As a mat- 
ter of fact, no time is lost which prepares a man to fulfill his obli- 
gations to the State. The first aim of any educational system in a 
democracy should be to make the man a citizen in the fullest sense 
of the word. 

You are probably asking, ‘‘ What subjects that we do not al- 
ready include in our college or high school courses can be incorpo- 
rated therein to the benefit of later training of the student in the 
army?’’ I can answer that more specifically for the Engineer 
School and the Corps of Engineers. Based on our experience, I 
would place Map Reading and Aerial Photograph Reading at the 
top of the list. Ability to make the fullest possible use of maps 
and aerial photographs is almost the sine qua non in the educa- 
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tion of an officer. It is almost as necessary as being able to read 
the printed word. Battles are fought on the ground, and the map 
or aerial photograph of the ground has become indispensable. In 
modern combat, the officer who does not know where he is or how 
to get from one place to another is not only a loss, but a severe 
burden to others. 

Another subject is the Use of Explosives in the Execution of 
Demolitions. The destruction of a bridge or other structure is an 
engineering problem of. equal importance in military operations 
to the building of the structure. The failure of a demolition to 
delay an enemy may have as disastrous results to an army as the 
failure of an improperly constructed bridge on its own line of 
communications. While this is a subject that finds its application 
almost exclusively in military operations, it is one, the technique 
of which could be taught in civilian institutions as effectively as 
in the Army. 

A third subject is Bridging—not the construction of huge con- 
crete and steel structures with which the advanced student in our 
colleges is concerned, but the building of simple bridges that can 
be erected quickly and with the minimum of materials. Such 
structures, while simple in design and not beyond the abilities of 
a college sophomore, must at the same time be as completely able 
to bear the loads for which designed as are the magnificent struc- 
tures which span the Hudson. The failure of a simple trestle 
bridge designed and erected almost on the spur of the moment by 
a lieutenant of Engineers, might possibly have as disastrous re- 
sults to the nation as the failure of a bridge such as the George 
Washington. 

On subjects such as the three I have just mentioned, we must 
spend many hours at the Engineer School because they represent 
knowledge which is indispensable to the young officer. We cannot 
pass over them lightly and assume that he will eventually compre- 
hend the subject when he gains more experience. In gaining that 
experience he might sacrifice hundreds of lives and jeopardize the 
success of an entire campaign. 

The time that would be saved if our candidates came to us with 
a thorough knowledge of such subjects would be of enormous value. 
Because of shortage of time—the course of instruction being only 
12 weeks long—we are not able to give the student the thorough 
tactical training that he should have as a background for future 
advancement to positions of higher responsibility. If the edu- 
cational institutions of the country could save us this time, we 
would be able to produce a much more rounded and efficient officer 
and the losses which we are now forced to accept could be reduced 
to a small fraction of their present value. 
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I have mentioned only three subjects as an illustration of the 
point I wish to make. They relate particularly to the Corps of 
Engineers. But there are numerous others that are related to the 
work of the technical branches and also the combatant branches 
of the Army. A study of the training manuals and technical man- 
uals of the Army by educators such as you represent, would reveal 
many subjects which you are as well or better qualified to give as 
are the Army Service Schools. I would recommend such a study 
to you. 

Knowledge is one of the first requisites for leadership. How- 
ever, knowledge alone cannot make the leader. There are other 
capacities which he must possess that can not be developed by 
formal classroom work or even practical experience. For example, 
good health and hard physical condition plus a capacity to take 
care of oneself physically under all conditions, are essential to the 
leader. Health programs designed to deal realistically with the 
physical requirements of the Army would result in an immense 
saving of time in the training of officers. 

A capacity for logical thinking and clear and accurate expres- 
sion is another element of successful leadership. This is a matter 
of discipline in the Army, but the man relatively fresh from civil 
life frequently has difficulty in adjusting himself to it and valu- 
able time and effort are lost during this period of adjustment. We 
feel quite sure, at the Engineer School, that many candidates fail 
to do justice to themselves because they are slow to adjust them- 
selves to the military idea. A great deal of the slovenliness in 
thinking and performance on the part of students, with which you 
are no doubt all too familiar in the colleges, might be cured by 
placing emphasis on ways of doing things that have been consid- 
ered impossible under peace-time conditions at our schools. 

One of the greatest calamities of war is that it demands the best 
of our young manhood. The second best will not do. Face this 
fact realistically, regrettable as it is. The best young men you 
have, physically and mentally, the most brilliant minds, are de- 
manded first of all in the front lines because we are opposed to 
an enemy whose cunning cannot be matched by anything less than 
our best. The outstanding leaders of the campus, the men who 
carry your greatest hopes of leadership in their generation, should 
be pointed toward commissions in the combatant branches. It is 
in those branches that their talents can be of the greatest use in 
bringing this war to a successful and early conclusion. If they 
come through, they will be greater leaders and make the peace 
more secure than we did for our children. 

As I see it, the responsibility of providing the young leaders 
who will win this war and establish an enduring peace, rests pri- 
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marily upon the educational system of the country of which you 
are the stewards. The Army takes the material as it comes to it 
and makes the best of it. The quality of that material can be 
improved by you. The industrial system of the nation has per- 
formed a notable task in converting itself to war production of 
munitions. The educational system must emulate industry and 
turn its energies to the production of leaders. Our industrial 
organization for peace was the greatest in the world, and the same 
can be said of our system of education. The task now confronting 
our educators can be performed just as brilliantly once there is a 
realization of its magnitude. 














MILITARY PERSONNEL AND THE COLLEGES * 


By COLONEL C. E. HIXON 


Military Personnel Division, U. 8. Army 


I. ANNOUNCEMENT OF ARMY ENLISTED RESERVE PLAN 


The enlistment of college students in the Enlisted Reserve 
Corps of the Army with deferment from active duty to continue 
their college educations has been approved. This will provide 
them an opportunity to continue their scholastic courses until 
graduation or until the Secretary of War shall determine that they 
be called to active service. The present enlistment program in the 
Air Corps Reserve in colleges and universities is included in these 
figures. 

Upon graduation or earlier call to duty, the reservists in the Air 
Corps will become aviation cadets with an opportunity to compete 
for commissions in the same manner as other aviation cadets. 
Upon graduation or earlier call to duty, the reservists in other 
branches of the Army will have the opportunity of competing for 
vacancies in the Officers’ Candidate Schools in the same way as 
other men in the Army. The enlistment of reservists with con- 
tinuance of education has been approved in the belief that this 
education will develop capacities for leadership and will furnish 
opportunity for acquiring special knowledge which will be an 
important factor in determining qualifications for admission to 
Officers’ Candidate Schools. The enlistment in the Reserves will 
not alter the regulations with regard to the operation of the R. O. 
T. C. plans where now established. 


II. Reasons ror PLAN 


1. To insure a future source of qualified officer candidates for 
the Army. 

2. To encourage college students to complete their college educa- 
tion and to provide that students who are enlisted in the Enlisted 
Reserve Corps will not be inducted into the active military service, 
except in limited numbers, prior to graduation. 

3. To make provisions for the retention in colleges of necessary 
research students and faculty replacements. 

* Presented at the 50th annual meeting, 8S. P. E. E., New York City, June 
27-29, 1942. 
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III. OPpreraTION OF THE PLAN 





1. The number of students to be enlisted during the present 
ealendar year is as follows: 


80,000 first-year men 
57,000 second-year men 
41,000 third-year men 
37,000 fourth-year men. 


Thereafter and until further notice there will be 80,000 first-year 
men enlisted in each scholastic year. Enlistments for the Army 
Air Corps are included in these figures. Based on the Department 
of Education’s records, the above figures will produce the 35,000 
graduates. 

2. a. Subject to the possible call to active duty by the Secretary 
of War as the necessity of war demands, all students are deferred 
until graduation provided they maintain a satisfactory academic 
standing and pass the qualifying examination hereinafter referred 
to. 

b. R. O. T. C. advanced course graduates are to be assigned to 
Special Service Schools. 

c. Non R. O. T. C. graduates are to go to Replacement Train- 
ing Centers where they compete for vacancies in the Officers’ Candi- 
date Schools. 

d. If selected for and upon the successful completion of Officers’ 
Candidate Schools, they are to be commissioned as second lieuten- 
ants. 

e. Qualifying examinations are'to be given during the sopho- 
more year. Those students who do not maintain the required 
scholastic standard are to be called to active duty as enlisted men. 
Nevertheless, if they thereafter demonstrate sufficient qualifica- 
tions, they may be chosen for vacancies in Officers’ Candidate 
Schools. 

f. Those who withdraw during their college course are to go to 
active duty in the Army as enlisted men. Nevertheless, if they 
thereafter demonstrate sufficient qualifications they also may be 
chosen for vacancies at Officers’ Candidate Schools. 


IV. SELEcTION or STUDENTS 


1. Where otherwise qualified, selections will be based upon 
scholastic records. 

2. If institutions have R. O. T. C. units, selection will be made 
by the Professor of Military Science and Tactics in conjunction 
with the institutional authorities. Students will be selected with- 
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out regard to enrollment in the R. O. T. C. except that enlistment 
in the Enlisted Reserve Corps be made a prerequisite to enrollment 
in the R. O. T. C. advanced course for students who are not al- 
ready under contract. 

3. In institutions not having R. O. T. C. units, selections will 
be made by the institutional authorities. 


V. ENLISTMENT 


Enlistment of students will be accomplished as follows: 

1. In institutions having R. O. T. C. units, by the Professor of 
Military Science and Tactics. 

2. In institutions not having R. O. T. C. units, as directed by 
the Corps Area or similar commander. 


VI. SEPARATION 


1. Students in the E. R. C. will not be subject to induction for 
active military service prior to graduation except as follows: 

a. Students who prior to graduation are separated from the 
institution for any reason. 

b. Students who fail to graduate with the class with which they 
would normally graduate. 

c. Students who fail to reach the prescribed level as a result 
of the qualifying examination given during the sophomore year. 

2. Students coming under the provisions of the exceptions just 
noted will be ordered to active duty in an enlisted status provided 
they have no valid reason for deferment. These students will 
have the same opportunity for competing for a commission as any 
other individual who is inducted into the service. 


VII. Army-Navy AGREEMENT 


1. A joint board of Army and Navy representatives will desig- 
nate the quotas for the respective Corps Areas and Naval Districts. 
These quotas will be assigned according to the following priorities : 

a. In military colleges and institutions maintaining Army R. O. 
T. C. units exclusively, and in which the R. O. T. C. basic course 
is compulsory, paramount interest rests with the Army. Navy 
enlistments in such institutions will be made as follows: 

(1) No enlistments in the Naval Reserve will be made from 
the freshman class. 

(2) Enlistments in the Naval Reserve from the sophomore class 
will not be made until after selection of students for the Army 
R. O. T. C. Advanced Course has been made. The selections for 
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the Army R. O. T. C. Advanced Course will be announced not 
later than three months prior to the completion of the equivalent 
sophomore year. Arrangements for the enlistments of students 
for the Naval Reserve from the sophomore class may be made im- 
mediately after the selections are made for the advanced Army 
R. O. T. C. The actual enlistments of these students will be com- 
pleted at the termination of the sophomore year. Students who 
have been previously enlisted in the Army Enlisted Reserve Corps 
and who do not accept contracts for the Army R. O. T. C. Ad- 
vanced Course will, upon application of the individual, be dis- 
charged for the purpose of enlisting in the Naval Reserve. 

b. In institutions maintaining Army R. O. T. C. Units ex- 
clusively and in which the requirement of the R. O. T. C. Basie 
Course is elective with the institution, paramount interest rests 
with the Army. Selection of students for enlistment in the Naval 
Reserve will be made as follows: 

(1) Enlistments in the Naval Reserve may be affected in all 
classes. 

(2) The selection of students by the Navy from the freshman 
class will not be made until after selection of students for the 
Army R. O. T. C. has been made. This will be announced not 
later than one month after the beginning of the freshman year. 

c. In institutions maintaining Naval R. O. T. C. exclusively, 
paramount interest rests with the Navy. Selection for the Army 
Enlisted Reserve Corps for such institutions will be made as 


follows : 
(1) Enlistments in the Army Enlisted Reserve Corps may be 


effected in all classes. 

(2) The selection of students by the Army from the freshman 
class will not be made until after selection of students for the 
Navy R. O. T. C. has been made. This will be announced not 
later than one month after the beginning of the freshman year. 

d. Appropriate Corps Area or Naval District quotas agreed 
upon by the designated representatives of the War and Navy De- 
partments will govern enlistments in institutions where no R. O. 
T. C. or N. R. O. T. C. Units are located. 

e. The selection and enlistment of students will be codrdinated 
with institutional authorities and in institutions maintaining Army 
or Naval R. O. T. C. Units with the Professor of Military or Naval 
Science and Tactics of each institution concerned. 

2. The policy of commissioning a limited number of Army 
R. O. T. C. graduates each year in the Naval or Marine Corps 
Reserve to be continued. The number of those so commissioned 
will be based on a written request from the Navy Department to 
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the War Department. This number to be selected from senior 
year R. O. T. C. students and, in general, to include the following: 

a. Students who are desired for commission in the Regular 
Marine Corps. 

b. Students with special engineering training who are desired 
for commission in the Naval Reserve for use in shipbuilding and 
similar programs. 

c. Students who for special reasons, such as being sons of Naval 
or Marine Corps Personnel, desire to be commissioned in the Naval 
or Marine Corps Reserve. 

3. The War and Navy Departments agree that students will not 
be commissioned or enlisted in the respective Reserve Corps of the 
Army and Navy, including the Marine Corps, except as provided in 
Paragraph 4 and 5 above. 


VIII. Statement or Po.icy 


Statement of policy regarding students in schools having com- 
pulsory military training: 

1. Students in all four classes may be enlisted in the Enlisted 
Reserve Corps during this calendar year. Thereafter enlistments, 
in general, will be restricted to freshmen. 

2. Enlistment in the Enlisted Reserve Corps will be a require- 
ment for contract in advanced R. O. T. C. 

3. Quotas will be increased in the basic course to cover prospec- 
tive Navy applicants. 

4. The Army and Navy jointly have agreed that, in the case of 
students who have enlisted in the Navy or Marine Corps Reserve 
and who enter colleges or universities having compulsory military 
education, the Navy will discharge such students. These students 
will be enlisted in the Army Enlisted Reserve Corps and upon 
completing the sophomore year, or upon leaving school prior to 
that time, such individuals will, at their request, be discharged 
from the Army Enlisted Reserve Corps and ——- enlisted in the 
Naval Reserve. 

5. Freshmen and sophomores, this year, and thereafter fresh- 
men only may be enlisted in the Enlisted Reserve Corps for the 
express purpose of reserving them for enlistment in the Navy 
Reserve at the proper time. Such students will be discharged by 
the Army for the convenience of the Government and enlisted in 
the Navy Reserve. 

6. Enlisted students near the end of the sophomore year will 
be permitted to change from Army to Navy plans, even though 
offered an advance course contract, upon application of the in- 
dividuals. 
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7. Navy quotas will not be assigned to the freshmen class and 
to the sophomore class only after the selection for the advance 
course R. O. T. C. has been made. 

8. Students selected for the advance course R. O. T. C. who have 
not previously enlisted in the Enlisted Reserve Corps, may be 
enlisted regardless of quotas. 


IX 


The following are points on which questions have been raised : 

1. So far as the Army is concerned, it is not now going to pre- 
scribe curricula for the E. R. C. 

2. Seniors who graduate subsequent to August first, 1942, are 
eligible for enlistment in E. R. C. 

3. First qualifying exam will be about March first, 1943. 

4. Qualifying exam will apply only to sophomores and not to 
members of the advanced R. O. T. C. or those having ratings of 
junior or senior. 

5. Enlistment to be made in E. R. C. unassigned except ad- 
vanced course R. O. T. C. Non R. O. T. C. upon going to active 
duty will state preference and be classified. Based on these fac- 
tors, assignments to branches will be made. 

6. The interpretation of the phrase, ‘‘Graduate with the class 
with which they would normally graduate,’’ will depend on the 
college or university. For those enrolled in an accelerated course, 
the graduation date would be that set for such course, while if en- 
rolled in the normal course, the date would be that set for THAT 
course. 

7. Colleges and universities will report to the Corps Area Com- 
manders each student who withdraws or is dropped from the col- 
lege or university rolls. Such students will be ordered to active 
duty in their enlisted status by the Corps Area Commanders. 






















THE NAVY’S NEED FOR ENGINEERS * 


By JOS. W. BARKER 
Assistant to the Secretary of the Navy 


We have just heard buried in Colonel Hixon’s -paper a state- 
ment of an epochal event in the history of the Army and the Navy. 
For the first time there is a Joint Army and Navy Personnel 
Board, and for the first time the two armed services are jointly 
cooperating and are offering identical programs to the college 
student. That is something new and it is something in which I am 
proud to have a part. 

The Navy’s need for engineers is very, very great indeed. Its 
need is predicated upon individualistic circumstances of the naval 
service which differ somewhat from those of the Army. When a 
ship puts out from port, it cuts itself from contact with shore 
establishments, and it must be a self-contained unit. This means 
especially that the personnel aboard the ship must be prepared 
not only to carry on their normal duty, for which they have been 
specifically trained, but they must be so thoroughly and basically 
grounded in their capacity for ingenuity and their inventiveness so 
expanded as to permit them to meet emergency conditions at sea. 

You have only to think, as your mind runs back over the story 
of the Coral Sea and Midway, of the problems that were faced by 
those officers from the very juniors to the senior officer aboardship 
as those vessels with their airplanes engaged in those encounters. 
For that reason, and because our modern ships are the most com- 
plete mechanical and electrical gadgets that exist on the face of 
the earth today, the Navy is placing somewhat more emphasis than 
the Army upon the training in the colleges of these young men 
who are the potential officer reserve. The Navy is not prescribing 
a curriculum, but it has asked that these young gentlemen who 
volunteer to become officers in the service shall at least take certain 
subjects in mathematics and physics as prerequisites to the special- 
ized naval training they will undertake in our reserve midship- 
men’s schools. That is, practically speaking, the only request that 
the Navy has made for any alteration in college programs. Of 
course for any colleges in the Society for the Promotion of Engi- 
neering Education that is not an alteration because you have al- 

* Presented at the 50th annual meeting, 8. P. E. E., New York City, June 
27-29, 1942. ; 
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ready laid down those subjects as prerequisites for basic engineering 
training. 

The Navy plan contemplates that these young gentlemen, having 
successfully carried your work, will be ordered to active duty as 
apprentice seamen for one month, and then as reserve midshipmen 
for three months, for a total period of four months’ training in 
specialized services of the Navy. They then will be commissioned 
as ensigns, either for general deck duty, general engineering duty, 
or in the various special classifications of the Navy, such as 
Aviation, Ordnance, Yards and Docks (Civil Engineering Corps) 
or the Construction Corps in the Bureau of Ships, ete. 

The Navy recognizes, also, that in certain of these classifica- 
tions for which primarily the engineers are necessary and desirable, 
they will not be aboard combatant ships. We can and we must 
recognize the fact that the old 20/20 eye specification cannot any 
longer be maintained, and we are willing at the time that we 
enlist the man as a freshman to waive the eye qualifications for 
the specialist groups. These would be the students, primarily, in 
your engineering schools who are desirous of entering the naval 
service. 

Just as Colonel Hixon told you that the Army plan provides 
for these enlistments, so does the Navy plan. The Navy plan also 
has this classification test or qualifying examination, or whatever 
you please to eall it, in the sophomore year, and it divides into 
two parts, those for the aviation branch of the Navy and those for 
the general engineering, general deck and specialist classifications. 

The Navy’s need for aviators is so great that the Navy aviation 
branch has felt that it could not promise these young men to stay 
in college more than two years. 

Both these Army and Navy plans are predicated upon a hope 
that this may be a short war, but a feeling that we would be less 
than properly responsible to our people and.to our Government if 
we did not plan for a long war. 

Most of these young men who will enter this program this 
summer or fall, even under the accelerated program, will not come 
out of your schools for at least two years and three months to three 
years from now and then will have to embark upon these officers’ 


schools in the Army or the reserve midshipmen’s schools in the 


Navy before they are prepared for active duty. Let us hope (I 
am expressing this personally) that they are never needed, but, 
gentlemen, if they are needed, this country and its allies will be 
in a position where that need will be the most pressing need that 
our Government has ever known. For if this war should last, as 
it may, for two and a half, three, or for four years from now, the 
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world is going to be in a terrible mess. Those of us who are 
responsible for these personnel plans must take those factors into 
account, and at the same time, should it unfortunately come, the 
problem is not going to be one of new men for production, it is 
going to be one of fighting for our very lives. 

It is with that thought in mind that the Army and the Navy, 
the Marine Corps, and the Coast Guard, the armed services of the 
United States, have jointly laid out these plans and prepared a 
reserve scheme for the development of the officer personnel to lead 
our forces. The training of these young men is not only a training 
to develop them, but it is a training to save the lives of the other 
men of this nation who will be committed to their charge. These 
young men will have double, triple and quadruple responsibilities. 
It is our problem, as their mentors and guides during this forma- 
tive period of their lives, to see that they understand: those re- 
sponsibilities. It is that which General Crawford meant by the 
‘*training for leadership,’’ and it is that same quality which will 
make them the leaders in the reconstruction period which will 
follow after this war, and it is the training that you should be 
giving your men as engineers to take their part in this civilization. 

Up until the present time there has been competition between 
the Army and the Navy and the Marine Corps and I do not need 
to tell any of my engineering educator friends of that competition. 
But fortunately, this Joint Board has made provision for stopping 
that competition. Plans have been drawn and are prepared to be 
issued for one group representing all the services to appear on 
your campus at a time convenient to you, to present jointly, just 
as General Crawford and Colonel Hixon and I are now presenting 
jointly to you here, plans to your student body. «Following at a 
period sufficient to permit the young man to think the situation 
over, to discuss it with your institutional representative, to secure, 
if a minor, the permission of his parents, a joint reeruiting party 
will return to your campus, at which time the men can actually 
sign up. Just as you and I, parenthetically, in times past have 
protested the high pressure salesmanship of our industrial rep- 
resentatives who appear on our campuses, and pled for time for 
our students to think these propositions over, so the Army and 
Navy and Marine Corps under this plan will give the student an 
opportunity to think carefully as to his responsibilities and as to 
his desires, and will return with the recruiting party at a date 
sufficiently far removed from the time of the initial presentation 
to afford the student an opportunity for careful consideration. 

I know that that will be happy news to you with the situations 
that you have had on your campuses. I know that as this situation 
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in which our country finds itself develops, the need for these young 
men in the Army, the Navy, the Marine Corps, and the Coast Guard 
is going to become increasingly important, and I ask you to con- 
sider these plans with those thoughts in mind, not where are we 
today, but where may we be two and a half, three, three and a 
half, and four years from now if the war has not been won in that 
interim period, and think of that situation when you discuss this 
proposal with your student body. 

















THE ARMY SPECIALIST CORPS * 


By WILLIAM O. HOTCHKISS 
Deputy Director 


Recently I heard an experienced Army officer state emphatically 
that ‘‘our most valuable asset is man-power.’’ I agreed with him 
heartily and added that that part of our man-power with highly 
trained brain-power was the most precious of all. We have read 
frequently of ‘‘bottlenecks’’ in the supply of steel plates for ships, 
or of engines for airplanes, or of tanks and guns. We have rarely 
or never seen in print the real ‘‘bottleneck,’’ which was that there 
were not enough men with the proper quantity and quality of 
brain-power working on the problem in time. Every instance of 
‘*too little and too late’’ in ships, in supplies and munitions can be 
stated in terms of too little and too late application of trained 
brains to the problem. 

For many lines of activity necessary for war purposes there are 
not in existence a sufficient number of properly trained and skilled 
individuals. We have priorities on most kinds of materials, but 
we have not yet heard of any really adequate plan for priorities 
for our trained brain-power. We have not yet developed a work- 
able scheme to stop this waste. The matter is complex and in- 
volved but nevertheless we must stop in every way we can the 
waste of the most precious part of our most valuable asset—trained 
man-power. I know of no more effective way to aid our enemies, 
the Germans and the Japs, than to permit in any way such waste. 
The man who sees it and does not strive to prevent it is guilty of 
some degree of ‘‘contributory treason’’ whether that be recognized 
as a crime or not. 

In the conduct of war there is as wide a diversity of oecupa- 
tions as there is in civil life, plus a wide range of duties that are 
not present in civil life. All these activities have one single aim 
and objective, the successful engagement of the enemy in combat. 
Everything is pointed toward the day when we go into the fight 
and win. To accomplish this objective all of the preparatory duties 
of all kinds must be well done. But no matter how perfectly the 
preparatory duties are done the battle will not be surely won unless 
the officers in command can operate our troops better than the 


* Presented at the 50th annual meeting, S. P. E. E., New York City, June 
27-29, 1942. 
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enemy officers operate theirs, other things being equal. Obviously 
the highest professional military skill is necessary for this. Some- 
one has said that a good general is as valuable as an extra army. 
I think I should state it by paraphrasing the familiar old definition 
of an engineer, ‘‘a good general is one who can do with one division 
the things an ordinary general can do with two.’’ 

One of the serious bottlenecks in this war is our supply of 
officers with professional military training and experience. We 
cannot afford to waste a single one on duties of any other nature. 
Always in peace times we have maintained an army of relatively 
insignificant numbers. When war comes upon us it is not only a 
seramble to build the ships and planes and tanks and guns needed, 
it is a seramble to give anything like adequate professional 
military training to the great numbers of new officers the rapid 
expansion of the army demands. To waste this particularly valu- 
able trained skill in any way is again in some degree ‘‘ contributory 
treason.’’ There is no more effective way to help our enemies. 

The transition from an army of 150,000 officers and men which 
we had just a few years ago to an army numbered in millions is 
really a catastrophe. It upsets everything both in personal lives 
and in business affairs. In a modern war few persons escape its 
effects. War is no longer the affair of armies, it is the affair of 
the whole population of nations. Every man, woman, and child; 
every pound of steel, aluminum, and tin is a factor in and affected 
by this transition to total war. Every energy, every material, 
every mental resource we have must be used with the greatest 
possible speed and with the utmost practical efficiency if we are to 
be sure to win this war. 

The highest function of a military officer is the effective use of 
his knowledge of strategy and the use of troops and equipment in 
contact with the enemy. There are multitudinous other func- 
tions which are vital adjuncts to these professional military func- 
tions. These adjunct functions, in many instances, can be satis- 
factorily performed by men who have gained the proper experi- 
ence in their civil occupations. An army is like a great city. Its 
men must be housed and clothed. They must be fed and provided 
with necessary utilities, heat, water, light, and sanitary and hos- 
pital facilities. They require huge transportation facilities that 
must operate without fail under difficult and dangerous conditions. 
They require innumerable repair shop units to keep their equip- 
ment in good operating condition. Roads and railroads must be 
built and bridges repaired or erected with great speed. All the 
vast quantities of supplies of clothing, food, shelter, vehicles, arms, 
tanks, planes, munitions, must be contracted for, received and ware- 
housed, paid for, shipped by rail, truck, and plane; by ship, and 
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again from the unloading port by rail, truck, or plane. The Army 
must be paid. A vast accounting job must be performed. 

These adjunct duties are very closely parallel to the duties that 
must be performed in civil life. They can be performed by men 
who are not professional military men. Capable engineers and 
business men of many different kinds can be used to carry on much 
of this work, but they must do it as officers under military com- 
mand and with military responsibility, not as civilian employees 
who can quit the job whenever they desire. 

With such considerations in mind General George C. Marshall, 
Chief of Staff, suggested to the Secretary of War the establishment 
of the Army Specialist Corps. One of the chief objectives was to 
enable our Army to make the most efficient use possible of the 
professional military training and talent available. 

An erroneous impression has gained credence that only men who 
are beyond military age, or who are physically disqualified for 
military service will be appointed as officers in the Army Specialist 
Corps. Such is not the case. This is only one of the purposes of 
the establishment of the Corps. A more important purpose is to 
secure officers, who, though they lack the experience and training 
to command troops, can perform vitally important non-combatant 
military services along the lines of their civilian business and tech- 
nical experience. It is very likely that thousands of Army 
Specialist Corps officers will serve with active units of the fighting 
forces, in the air and on the ground. They can aid in trans- 
porting supplies and munitions. They can aid in operating the 
new technical equipment for air operations. They can carry on 
business and financial duties. They will help conduct the multi- 
farious business of feeding, clothing, housing, equipping, and 
supplying the armed forces. They will aid in repairing damaged 
equipment and in many activities that will use fully the knowledge 
of engineering science, business and financial matters they ac- 
quired as civilians. Many of these men will be of military age 
and most of them serving with combat units must be as physically 
fit as troop officers. 

In addition to officers of military age and physical fitness the 
Army Specialist Corps will appoint many officers from the group 
of over-age and physically disqualified men. Men who for these 
reasons cannot perform arduous work, can be used for work similar 
in physical requirements to what they are now doing as civilians. 
In these cases the age and physical condition demanded will be 
only that necessary for the less arduous work they will be called 
on to do. In the selection of such officers emphasis will be placed 
on their having the brains and mental ability necessary for the 
job rather than on their physical condition. 
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Quite naturally the greatest use for Army Specialist Corps 
officers is likely to be in the Services of Supply. This is a great 
procurement and transportation and technical group of activities 
where men qualified by civilian experience can be most quickly and 
readily put to work. Procurement objectives for many of the 
services have already been authorized, under which they are now 
preparing the definite requisitions for the appointment of Army 
Specialist Corps officers. As an illustration of the diversity of 
occupations to be served the following partial list is given: 


Transportation Division Statistical Service 
Corps of Engineers Special Service 

Signal Corps General Depots Division 
Quartermaster Corps Provost Marshal General 
Chemical Warfare Service Judge Advocate General 
Ordnance Department Public Relations 

Post Exchange Services Military Intelligence. 


In addition to serving the organizations in the Services of 
Supply, Army Specialist Corps officers will be of use in the Ground 
Forces and in the Air Forces. They can serve as special service 
officers, supply officers, executives, engineer officers, research officers, 
statisticians, quartermaster officers, personnel officers, ordnance 
officers, public relations officers, communication officers, post ex- 
change officers, finance and budget officers, in many other fields. 
Many technical positions in motorized and air units can be filled 
by Army Specialist Corps appointees. 

Out of the statements preceding it may be well to summarize 
the main purposes of the Army Specialist Corps. One of the 
principal functions is to find, appoint, and assign to the requisition- 
ing branch, men properly qualified by civilian experience to per- 
form non-combatant military duties that would otherwise have to 
be performed by professional military officers of the Army of the 
United States. A second principal function is to help in the more 
complete use of man-power by using the services of men disquali- 
fied for arduous military duty by reason of age or partial physi- 
cal disability. Many of these disqualified men are daily perform- 
ing in their civil occupations the same kind of duty that.the Army 
needs. In appointing such officers the physical qualification re- 
quired is that they can do the job. Brains and experience are 
emphasized, and physical vigor is required only sufficient for the 
duties. 

The kind of men wanted for officers for the Army Specialist 
Corps is obvious. Men distinctly of officer quality are needed. 
They must be men of unquestioned loyalty, integrity, of educa- 
tion sufficient for the job, of good teamwork capacity. They must 
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have had experience sufficient to enable them to handle the par- 
ticular job they are appointed to fill. For service in Continental 
United States, only commissioned officers will at present be ap- 
pointed. For service overseas, both commissioned and non-com- 
missioned officers will be appointed. 

Candidates for officers in the Army Specialist Corps will be 
sought widely over the Country. The Adjutant General’s Office 
and the Army Specialist Corps are codperating in establishing 
offices in many of the principal cities of the Country to secure 
officers both for the Army of the United States and this Corps. 

Corps Area Headquarters of this Corps will be in close co- 
operation and codrdination with these officers. These offices will 
have lists of job specifications for the kind of positions to be filled. 
Through informed local sources they will seek for men with the 
proper qualifications willing to offer their services to their Country. 
These procurement offices will be staffed jointly by officers of the 
Army of the United States and the Army Specialist Corps. It is 
believed that through these offices men of the finest quality can be 
brought into the service. 

In addition to the men secured by these offices the Corps has 
aceess to the questionnaires (applications) now filed in the Ad- 
jutant General’s Office, the Civil Service Commission, and in the 
National Roster of Scientific and Specialized Personnel, and many 
other sources. When these fail to provide a sufficient number of 
properly qualified officers the Army Specialist Corps is authorized 
to train men to fill the needs. 

It is in this last group that it will be particularly valuable to 
have the complete codperation of the engineering colleges of the 
country. The Army and the Navy have jointly asked you to 
count your graduates in electrical engineering of the last ten years. 
They have failed to find in that group a sufficient number of men 
to train in the ultra high frequency courses which you and they 
are giving. Apparently it is going to be necessary to lower the 
sights to secure the numbers that must be trained. It will almost 
undoubtedly be necessary to ask you to look through your records 
and circularize all engineering graduates of the last ten years, 
and also your students who dropped out before completing their 
work, men who completed only enough of their courses to have a 
background of physics and mathematics sufficient to warrant their 
being given refresher courses followed by the special courses needed 
to supply the demand. Plans are now being formulated to ask 
your codperation in this important project. You will be notified 
as soon as present preliminary studies are completed. 

I want to emphasize here that many engineers under 30 who 
are in Selective Service Class IV-F will be urgently needed. 
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Present plans are that these men selected for training will be 
commissioned, some such as those in Class I-A of the Selective 
Service in the Army of the United States and others in the Army 
Specialist Corps. They will then be assigned for training to the 
various engineering schools and to the schools maintained by the 
Signal Corps in accordance with their qualifications and the needs 
of the service. It is hoped that the organization and management 
of the courses may be handled by the United States Office of Edu- 
cation under the National Advisory Committee for Engineering, 
Science, and Management War Training as their courses are now 
being given. In this way existing facilities will be most efficiently 
used and duplication of teaching personnel, equipment and expense 
eliminated. 

Men eligible for appointment in the Army Specialist Corps are 
limited by the recent order of the Secretary of War. This pro- 
vides that officers may not be commissioned in the Corps who are 


a. In the 20-30 age group unless in Class IV—F, ‘‘ permanently 
physically disqualified for general military service.’’ 

b. In the 30-45 age group if in Class I—A of the Selective Service. 

c. Deferred from induction for occupational reasons unless the 
Selective Service agrees that they may be taken into the 
Army Specialist Corps. 


Exceptions may be made in cases where the candidate has quali- 
fications specially needed. In this connection it is well to remem- 
ber that regulations and orders may be altered from time to time 
as conditions require. It is not improbable that for the urgent 
needs of the Signal Corps restriction ‘‘a’’ in the preceding para- 
graph may have to be modified to make men of the 20-30 age group 
in Selective Service Classes I-B and III-A eligible for appoint- 
ment in the Corps. 

The Army Specialist Corps does not compete with the Selective 
Service. Men deferred for occupational reasons are not eligible. 
It is just as necessary to have these men producing war materials 
as it is to have men in the combat units to use them. Officers ap- 
pointed to the Corps are not thereby taken out of the jurisdiction 
of the Selective Service according to law. They may be recalled 
by their draft boards and inducted. But, of course, it is unlikely 
that Corps officers serving overseas with troops will be brought 
home for induction. Overseas Corps officers should be credited 
to the quota of their draft board the same as men in the Army. 
While this is not now possible it may become so as the needs be- 
come more apparent. Furthermore, since no officers will be ap- 
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pointed from Class I—A, it is very improbable that many Army 
Specialist Corps officers will be called by their draft boards. 

You will be interested in the procedure necessary for appoint- 
ment of officers in the Army Specialist Corps. It is practically 
the same as for officers in the Army of the United States. It is 
set down here in chronological order. 

1. The Arm or Service needing Army Specialists Corps officers 
files an approved procurement objective, which is its estimate of 
the total number of officers to be appointed. 

2. Under this it files requisitions stating the kind of jobs to be 
done, the various ranks desired, the time the officers will be needed, 
and where and to whom they are to report. 

3. Requisitions are distributed to the joint procurement offices 
over the Country, and search is also made in the files of the Ad- 
jutant General’s Office and elsewhere for qualified men. 

4. Questionnaires, Form 0850, are studied, compared, and 
records of suitable candidates are submitted to the requisitioning 
agency for their final approval, after personal interviews with the 
candidates if they so wish. 

5. After this selection the files are sent to the War Department 
Personnel Board which acts for the Secretary of War in approval 
or disapproval of the appointment. 

6. On return of the files of approved candidates they are sent to 
the Adjutant General’s Office for issuance of the appointment, for 
securing the oath of office and for issuance of orders as to when 
and where to report. 

7. Appointment of officers of the rank of Major * and above must 
go through an additional procedure in ‘‘6’’ above. After ap- 
proval by the War Department Personnel Board these officers 
names must go to the Secretary of War and to the President who 
must nominate them to the Senate for its approval, which must be 
forthcoming before the commission and orders can be issued. 

The Army Specialist Corps will not maintain any operating 
force other than its headquarters and field procurement staff. All 
other officers appointed will be immediately assigned to the Arm 
or Service that requisitioned them. Thereafter they will be under 
the orders of that branch. Judging from the inquiries I receive 
there is a general misconception of this matter. Many persons 
seem to think that the Army Specialist Corps will operate groups 
of specialists under its own command to serve the armed forces 
in special technical and scientific fields. Such is not the case. All 
activities of Specialist Corps officers other than its own staff will 
be directly under the command of the various branches of the 
Army to which they are assigned. 


* Since this was written the law has been altered so that this should read 
‘officers of the rank of lieutenant colonel and above.’’ 
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From this picture I have given you of the functions of the Army 
Specialist Corps it is obvious that the Corps will afford an oppor- 
tunity for service to many fine loyal, patriotic citizens who have 
hitherto been barred for various reasons. Some have obligations 
to dependents which could not be met if they volunteered. This 
Corps will provide an opportunity for many such for a commis- 
sion that will enable them to care for these obligations. Others 
denied commissions in the regular army by reason of age or disa- 
bility will be usable by the Corps. Many in all these groups will 
find in the Corps a very welcome opportunity for them to render 
the service their patriotism is seeking. The Corps will be com- 
posed of men of outstanding ability and character. Every man 
in it will be serving because of his patriotic desire to do his bit for 
his country in its time of need. 


. 


QUESTIONS AND ANSWERS 


General Crawford: The first question I have here is as fol- 
lows: Would it not increase the efficiency of pre-military instruc- 
tion if instructors could be detailed to Fort Belvoir to observe at 
first hand the methods and course content in aerial photography, 
map reading, demolition, and so forth? 

The answer to that is, yes, I think it would, although it would 
not be absolutely necessary. The technical manuals of the Army 
that I mentioned are very thorough and outline the subjects very 
thoroughly. On the other hand, it would be highly desirable if 
men who are going to teach those subjects in the college could come 
to the Army and see the practical application of the subject. It 
might not be possible in the college to give a great deal of practical 
instruction, in subjects like demolitions, but the teaching of the text 
book end of such a subject could be increased in efficiency if the 
instructors could observe its practical application. It may seem 
awkward for civilians coming to a military school, but as a matter 
of fact, right now at Fort Belvoir we have a class of fifty civilians 
in camouflage—men concerned in the building of structures all over 
the country. They come to us for a two weeks’ period and we 
turn them out at the rate of fifty every two weeks. They live in 
barracks and eat the soldiers’ food and have a very nice time of it. 

The other one was a rather general question addressed to all 
four of us: With what do you intend to fight? I do not know what 
that is aimed at. We have a large production program, as every- 
body knows, and we are getting the stuff. You can read it in last 
night’s paper. That same question might have been asked in 
1776. They did not have much to fight with then but they went 
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with their hearts in it and came through. I think there is a gen- 
eral feeling that you are going to make all of these guns and tanks 
and whatnot and throw them at the enemy and just overwhelm 
him. It is not that way at all, because if you have not got the 
heart you are not going to overwhelm him, no matter how many 
tanks and guns and everything you have; those are not going to 
win the war. There have been many cases where wars have been 
won where the troops that had the courage and the heart and the 
good leadership came through over obstacles that would seem to be 
insurmountable when they started out. So what you fight with 
is your heart, and if the United States thinks it is going to fight 
any war with anything else, it is not going to do it. If they do 
win it without a heart it is not worth winning, because they cannot 
carry on the peace. That is my answer and I hope that answers it. 

Colonel Hixon: The first question addressed to me is: The col- 
lege has both an accelerated three-year and a regular four-year 
program. May the student choose which program he wishes to 
follow, or must he take the accelerated program in R. O. T. C. work? 

The Army particularly, and I am sure the Navy also, prefers 
that they take the accelerated program. Of course, we are anxious 
to get them as early as possible. However, we do not prescribe 
either. The individual may enlist in the regular four-year course 
even in a school that has an accelerated program. We do want the 
college to urge and to recommend the accelerated program, but 
there are many we know who are unable financially to pursue the 
accelerated program. They cannot stay in school and keep up 
with that program. For that reason, we cannot prescribe the 
accelerated program, even though we prefer it. 

The second one: A very large proportion of engineering stu- 
dents must spend five or more years to complete so-called four-year 
curricula. How, then, will a class in which a student would not 
normally graduate be determined? That question comes from the 
University of Arizona. 

I might cite first an actual experience. The University of Ne- 
braska last June had twelve men who had completed the R. O. T. 
C. course. They still had one full year to go to get their degrees. 
The individual students were ready to receive their commissions 
and wanted to go to active duty. The Chief of Engineers wanted 
them to get their degrees. They could not accept their commis- 
sions because they had not had summer camp, but they were very 
anxious to get it. The Chief of Engineers recommended to those 
individual students that they stay in school an additional one year 
and obtain their degrees. The individuals still did not want to, 
and applied for permission to go to camp and get their commis- 
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sions and go to active duty. They were authorized to go to camp 
and by this time probably have their commissions. 

The question of whether they will be forced to go to active 
duty has not been taken up with the Chief of Staff, but the action 
so far has been that the recommendation of the college authorities, 
plus the request of the student, has been considered in each case 
and action taken on the best judgment of the two. It is possible 
for them to be called to active duty where they have had R. O. 
T. C. training at the end of their four years without obtaining a 
degree. Those that are not in R. O. T. C. schools and are in a 
regularly scheduled five-year course will probably be authorized 
to complete the five-year course. 

The third question : How much time should elapse between regis- 
tration and completion of induction into the enlisted reserve corps? 
This question is prompted by a desire to know if you wish us and 
the Commandant of R. O. T. C. to know the candidates before 
they are enlisted, or do we enlist anyone and everyone who applies? 
That is from the University of Iowa. 

There is no set time prescribed, nor do we want to prescribe 
any set time before which the student must enlist. We have speci- 
fied, so far, that the enlistments will be made this calendar year. 
As Dr. Barker indicated, we will have a joint committee come to 
the college and present the plans of the various services. After 
a reasonable period, to permit them to think it over and get pa- 
rental consent where it is necessary, the enlisting parties will come 
to complete the actual enlistments. 

For the University of Iowa, having an R. O. T. C. unit, the 
P. M.S. & T. will get the enlistment and it can be performed, as 
far as we are concerned, the rest of this calendar year. We do 
not desire that you take any and every student. The P. M. 8. & 
T. at those schools that have R. O. T. C. will be the final judge for 
the Army, and at schools that do not have R. O. T. C. the college 
authorities will have the final say. If they do not recommend a stu- 
dent, we will not enlist him. 

The fourth question: Do the college quotas, allotments, au- 
thorized by the Army’s pre-induction program, cover also the Navy 
program ? 

I tried to indicate in my talk that in those schools that have 
compulsory R. O. T. C. we have authorized the Corps Area Com- 
manders in charge of this program to enlist for the Navy those 
in addition to the announced quota that are acceptable to the Navy. 
The quotas as announced will cover from the Corps Area Com- 
manders only the Army quota, but the provision to cover in those 
R. O. T. C. institutions men who desire to go to the Navy will be 
in addition to the announced quotas. 
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There is another question addressed to Dr. Barker: Will a de- 
ferment blank for Navy program applicants as issued by the Army 
to draft boards be available? 

We talked that over between ourselves and neither will have 
a draft deferment form. The enlistment form removes the stu- 
dent completely from the draft picture. When he is enlisted in 
either the Army or Navy program, he becomes an actual part of 
the Army or Navy and is not eligible for Selective Service in any 
form. Does that answer the question? 

Mr. Dawson: I had in mind pending the time of the examina- 
tion. In other words, there is a young man who recently was about 
to be inducted and he had filed an application for enlistment and 
the draft board said that despite that fact they were going to take 
him. Upon receipt of the blank that was sent me, they accepted 
his request for a time to intervene between the sending in of his 
application and the passing upon his eligibility. 

CoLonEL Hixon: The question of Selective Service, of course, 
is completely outside of the Army, although we have a Regular 
Army officer as the head of it, and we have stayed away completely 
from any interference or contact with the Selective Service, on 
purpose. We have not in any case asked for a deferment for any 
student. We have left that up entirely to the local board and the 
student and the college authorities. But the moment he is enlisted, 
he is then removed completely from Selective Service, but during 


the interim between the time he has registered and the time he does 


enlist, Selective Service does have the opportunity to take him and 
we have not asked for deferments for those individuals. That 
must be handled between the applicant and the local board. 

Mr. Dawson: But you have issued a blank to be sent to the 
draft board requesting us to give him a limited time to determine 
whether or not he is eligible, and that has worked very well. 

CoLONEL Hrxon: We are anxious that he should be deferred 
and taken into either of the plans. We are very anxious that the 
college make every effort to get him, but the armed forces as such 
eannot sponsor the deferment. 

Dean Barker: One question is ‘‘Will the Joint Army-Navy 
Personnel Board be willing to make a statement that the present 
accelerated program in our colleges is of value?’’ 

Answer: I think Colonel Hixon has just answered that ques- 
tion in a statement that he made. The attitude of the Joint Army- 
Navy Personnel Board is a desire that every college that can will 
accelerate, because this joint three-man team of Army, Navy and 
industry, is going to need these men just as fast as we can get 
them. On the other hand, the Army and the Navy are not going 
to tell any college that it must accelerate. That is your problem, 
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It is between you and your conscience as to what you advise your 
students and what plan you make for the operation of your school. 
Neither the Army nor the Navy is going to tell you what to do. 
We do hope that your conscience may indicate the desirability of 
acceleration. 

The next question : Does the enlisted reserve program mean that 
all able-bodied engineering students will point for the Army and 
the Navy and that industry may no longer hope to recruit able- 
bodied engineering graduates? 

Answer: There will be approximately one-third of the entering 
freshman class who could not pass physical requirements for com- 
mission in the Army, the Navy, the Marine Corps, or the Coast 
Guard. Unless the freshman admissions increase materially over 
the five-year average of approximately 240,000 freshmen entering 
all colleges of the United States, the Army and Navy quota of 
80,000 means a quota of 80,000 for industry, and it does seem as if 
that one-third for industry would eome from those who were 
physically incapacitated to assume a Navy or Army commission, 
and since it is a three-man team of Army, Navy and industry 
that is going to win this war, it is reasonable that the three should 
be divided in approximately that proportion. 

The next question: Will recruiting in the colleges for all armed 
services be conducted exclusively by the Joint Committee of which 
you spoke? 

ANSWER: It will be done exclusively by that committee which 
will come to your campus, present this plan jointly, all the plans 
of the armed services, will leave, will send a recruiting party back, 
or where the professor of Military Science and Tactics is authorized 
by the Army to complete the enlistment, the enlistment period will 
follow at a reasonable interval after the joint presentation of this 
plan, and it will be done exclusively in that fashion. 

There is one question that arises in that connection. For those 
who are entering the aviation service, either the Army air forces 
or the naval aviation, in addition to the normal physical examina- 
tion which can be given on your campuses and will be given there, 
there is a flight examination, flight medical, and for that the 
facilities cannot be moved around the country. Consequently, 
those who are going for aviation in either the Army or the Navy 
and are otherwise accepted will be given orders, travel orders, 
from your campus to the nearest flight selection board, and there 
given their physical examination and returned at Government 
expense to your campus. That is part of the recruiting procedure 
but that does not mean what I thought this question was directed 
at, as to how many different parties were going to arrive on your 
eampus. It will be done exclusively by the joint group. 
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PRESIDENT WHITE: I am going to take the privilege of asking 
Major Van Leer to tell us something about the relation of Services 
of Supply to the engineering colleges. 

Major B. R. Van Leer: I am in a ticklish position today be- 
cause I have not written any formal remarks for this occasion and 
the subject of ‘‘the Services of Supply and civilian schools’’ is one 
of growing importance. 

The Army is like Cesar’s Gaul: it is divided in three parts: 
the ground forces, the air forces, and the Services of Supply. The 
ground force is composed largely of infantry, tank forces, anti- 
aircraft and anti-tank forces, that is, the actual combat fighting 
forees on the ground. If our training program were working 
perfectly there would be very little need for them to use the civilian 
schools. Plans are such that when a division of ground troops is 
activated, the specialists should be able to perform the specialized 
functions they are supposed to perform when they are assigned to 
the division. That is, a bugler sent to a company -would be able 
to bugle and the cook would be able to cook and ali of the special- 
ists should be able to perform their functions when assigned to a 
division. ; 

Unfortunately, because of rapid expansion of the Army and 
the time element, that ideal has not been attained in a great many 
ways and in a great many places, and there is still need for much 
specialized training for the ground forces, but I believe that is 
being corrected through the various service schools. 

The air forces are concerned with the personnel who engage in 
combat in the air, and all that appertains thereto, and just as this 
morning I am not officially speaking for the Services of Supply, 
neither would I dare to speak for the air forces. Some of my 
facetious friends in the Services of Supply say that only God and 
the devil dare speak for the Air Corps and they believe that the 
latter does most of the talking. But be that as it may, if you 
have any training programs for aeronautical engineers you should 
consult someone in the Air Corps if you are interested in training 
men in that field. 

The Services of Supply is composed of a good many specialized 
branches, such as, the Corps of Engineers, the Ordnance Depart- 
ment, Chemical Warfare, Quartermaster Corps, Signal - Corps, 
Adjutant General Department, Chief of Chaplains, Army Ex- 
change, Finance Department, Provost Marshal, Command and 
General Staff Schools and a number of other minor, but very im- 
portant specialized groups. 

The way you can tell an S. O. S. man is by the insignia which 
he wears on his left shoulder. Some of my academic colleagues 

say that this insignia indicates that you are a star all right, but 
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a blue star in the midst of a dense white fog surrounded by red tape. 
Be that as it may, The Services of Supply has a great many highly 
technical and highly specialized services to perform for the Army. 

The thing that you gentlemen are most interested in, I am sure, 
is the use that these specialized branches of the S. O. S. are making, 
and are likely to make of your institutions. 

Dean Barker told you of the effort to coérdinate the activities 
with respect to competition for technical personnel. We must do 
a similar job with respect to competition for technical training 
facilities. The reason is this: The Army does not have the time 
or the facilities to enlarge further its specialized training facili- 
ties. Many of you may think you have very large technical in- 
stitutions, but your institutions pale into insignificance compared 
to the size of the one that General Crawford of the Corps of Engi- 
neer’s so ably presides over. He has in excess of 30,000 men (one 
of the largest technical institutions this country has ever brought 
together in one place), and is training these men in engineering 
subjects of one kind or another. He cannot expand the facilities 
in his particular locality any further due to limitations of such 
things as water supply, sewerage systems, and so on. Practically 
every one of the specialized branches of the 8. O. S. faces similar 
situations. 

Therefore, it is necessary for them to go out and seek additional 
facilities, existing facilities. The Army cannot build anything 
for you if you do not have it available. If we have to build addi- 
tional facilities we would rather build them ourselves, naturally. 
So, as the months go by the Army will be looking for additional 
training facilities. Arrangements for such facilities have been co- 
ordinated, as far as the Services of Supply are concerned through 
the school branch of the training division. This group of men 
endeavor to see that there is not undue competition, that you will 
not have a Signal Corps man one day and a Chemical Warfare 
man the next descending on your institutions and asking what 
facilities you have available and what arrangements you will make. 
We will try to see that one agency deals with a particular institu- 
tion. 

The policy of the War Department, which is imposed upon 
them by Act of Congress, is that we cannot have from the military 
personnel, more than two per cent of the entire strength of the 
Army in civilian schools at any one time. That may seem a very 
small number, but when you consider the fact that the ground 
forces are likely to have very few, if any (at the present moment 
only one officer out of a great many men in the ground forces is 
in a civilian school), actually 2 per cent of 4,000,000 is 80,000. 
About 85 per cent of the demand for technical school facilities 
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will come from the 8S. O. S., certainly 85 per cent of the existing 
deficiencies of technically trained men is found in the branches 
of the Services of Supply. 

The policy of the S. O. 8. is that it will not interfere in any 
way with any educational institution. If you want your facilities 
used for specialized training (I mean your excess facilities) then 
you must offer them. The Army will not ask that you give up your 
institution or that you give up this laboratory or those dormitories, 
this cafeteria, and so on. You must make the offer yourselves. 

If you have any excess training facilities, I would suggest that 
you draw up a brief report and send it either to the Secretary 
of War, General Somervell, or to my superior, General C. R. Hueb- 
ner, Director of Training, 8. O. 8., Washington, D. C., and it will 
be investigated and studied in the light of the needs of various 
agencies whose training facilities are practically exhausted and 
cannot be further expanded. 

I will be very happy to render any assistance that I can to any 
particular institution which has such facilities. 














THE NATIONAL ROSTER AND WARTIME 
ENGINEERING EDUCATION * 


By LEONARD CARMICHAEL 


President of Tufts College and Director of the National Roster of 
Scientific and Specialized Personnel 


The National Roster is now almost exactly two years old. Dur- 
ing the entire period of its operation we have found the Roster to 
be centrally concerned with the men trained in various engineer- 
ing fields. This world war is indeed an engineer’s war. At the 
present time the total registration of the Roster, including engi- 
neers and other professionally and scientifically trained men, is 
483,380. From this total list we have referred out from our office 
to the Army and Navy for commission, to the Civil Service Com- 
mission for appointment in federal war agencies, to the United 
States Employment Service for appointment in defense industry, 
and directly to other agencies concerned in war research and pro- 
duction, a total of 107,568 names. Because of the confidential 
nature of certain appointments and for other reasons it is not 
possible for us to give absolutely accurate figures concerning the 
full- and part-time appointments made as a result of these refer- 
ences. <A careful estimate, however, convinces us that more than 
20,000 individuals have been given appointments in the war effort 
as a direct result of the use of the Roster files by appointing agen- 
cies. 

The service that the Roster has been able to give to the war 
effort would not have been possible without the whole-hearted co- 
operation of the national and local professional societies. The na- 
tional engineering societies and the deans and professors of engi- 


neering schools have been very generous in their friendly service 


to the Roster from the first. There is no area covered by the 
Roster which has been more effectively canvassed than that of 
the special engineering fields. Baldwin M. Woods, University of 
California, is now serving as special consultant in engineering to 
the Roster. 

The office of the Roster is at present engaged in the largest 
task which it has undertaken. By the first week in July we shall 
have in our office more than 300 individuals at work in expert 
coding, punching, and other special services. This large increase 
in our work is due to the fact that a tear-off blank from the oc- 


* Presented at the 50th annual meeting, S. P. E. E., New York City, June 
27-29, 1942. 
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cupational questionnaire sent out by the Selective Service System 
is returned to the Roster office in the ease of men who designate 
special skills in the specialized fields covered by the Roster. We 
estimate that of the approximately 38,000,000 such questionnaires 
sent out to American men between the ages of 20 and 65, at least 
1,750,000 blanks must come to our office for professional coding 
and listing on our analytical punch-eard file. In order to make 
qualitative information rapidly available we reduce such informa- 
tion to numerical form and enter it upon the six punch-cards of 
80 columns each which are allotted to every individual fully reg- 
istered on the Roster. 

Most of you in this room will remember that the basic proced- 
ure of the National Roster for collecting information has been the 
provision to each registrant of a large general questionnaire which 
asks for information concerning each individual’s professional 
training, experience, and incidental life activities. Supplement- 
ing this general questionnaire, we have now developed more than 
60 special technical checklists in the sciences and professions. Such 
lists have been prepared in the following engineering fields or 
fields relating to engineering: aeronautical engineering, architec- 
ture, automotive engineering, chemical engineering, civil engineer- 
ing, electrical engineering, heating, ventilating, refrigerating, and 
air conditioning engineering, industrial design, mechanical engi- 
neering, mining and metallurgical engineering and mineral tech- 
nology, motion picture engineering, naval architecture and marine 
engineering, radio engineering, safety engineering, testing of ma- 
terials engineering and technology, transit and traffic engineering, 
accounting, management engineering, personnel administration, 
raw and manufactured products and associated industries, statis- 
ties, trade and industrial education, physics, chemistry, and mathe- 
matics. 

From its inception until the present spring the Roster was 
administered as a semi-independent agency by the National Re- 
sources Planning Board of the Executive Office of the President 
of the United States, and by the United States Civil Service Com- 
mission. By an executive order issued on April 18, 1942, Presi- 
dent Roosevelt established the War Manpower Commission under 
the chairmanship of Governor Paul V. McNutt. According to 
the specific language of this executive order, the National Roster 
of Scientific and Specialized Personnel was transferred to this 
new commission. It was provided in the order that the Roster 
was to be maintained as an independent organizational en- 
tity within the new Commission. It was further provided that 
the records and property of the Roster, as well as its personnel, 
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were to be transferred. This reorganization is now complete, and 
the Roster has taken its place with the other agencies that make 
up the Manpower Commission under the able administration of 
Governor McNutt. The whole Commission is now, as you all know, 
attempting to solve the basic problems of the proper utilization 
of American manpower and womanpower in winning the war. The 
War Manpower Commission by a new administrative action has 
placed the Roster in close relationship with other agencies dealing 
with the proper training, procurement, and assignment of college, 
university, and technical school personnel. This entire section of 
the War Manpower Commission is under the capable and experi- 
enced guidance of President Edward C. Elliott of Purdue Uni- 
versity. 

One of the great and continuing probiems of any new organi- 
zation which attempts to deal properly with any important seg- 
ment of our national life is the maintenance of appropriate liaison 
contacts with other agencies. From the first it has been the policy 
of the National Roster not to duplicate in any way the work of 
any other federal agency. Thus we have built up special rela- 
tionships with the United States Civil Service Commission such 
that with appropriate safeguards the Roster lists are treated by 
the Commission as Registers, particularly in fields in which the 
Registers which have been assembled as a result of examination 
are exhausted. In this connection it may be pointed out that in 
recent years the United States Civil Service Commission has been 
turning more and more to a policy of positive recruiting. It has 
not been content to remain merely a passive policing agency. The 
Roster has served a useful function in assisting in this phase of 
the Civil Service Commission’s work. In this regard it has been 
especially fortunate from the first in having the continued friendly 
administrative advice of Dr. Arthur 8. Flemming, one of the 
United States Civil Service Commissioners, who now himself serves 
as a member of the Manpower Commission. Since the establish- 
ment of the Roster the United States Civil Service Commission 
has had for the first time at its fingertips an analytical index not 
only of those who have applied for Civil Service appointments, 
but of all or nearly all the qualified men in each field. Particu- 
larly in this war period when the Commission has been called upon 
to enlarge its functions tremendously, this almost universal listing 
of specialists on the Roster has proved to be of very great service 
to the nation. 

The relationship between the Roster and private war industry 
has been less easy to develop. In dealing with war industry we 
nave worked whenever possible through the existing machinery 
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of the United States Employment Service. It must be admitted, 
however, that because of the specialization of function of the - 
United States Employment Service in the past, private individuals 
and personnel directors of large companies have not always thought 
of turning to the Employment Service in connection with the filling 
of appointments in engineering and other scientific fields. It is 
my belief, however, that procedures that have recently been 
worked out between the office of the Roster and the United States 
Employment Service will make this relationship much more ef- 
fective than it has been in the past. It should be pointed out at 
this time, however, that any employer in a war industry who has 
need of personnel in the fields covered by the Roster may secure 
proper access to the Roster files under conditions which safeguard 
the individuals in those fields, either by application to the local 
office of the United States Employment Service or by direct ap- 
plication to the office of the Roster in Washington, where the ap- 
propriate liaison will be established. 

Probably the most important placement relationships of the 
Roster during the last two years have been directly with the Army 
and the Navy. I am not at liberty to give figures concerning the 
total number of individuals who have been offered commissions 
as a result of the use of the Roster files, but this number is a large 
one. The use of the Roster in this connection has been especially 
valuable in providing highly specialized experts in particular fields. 
It is interesting to note that this service continues even in relation 
to our Army now stationed beyond the territorial limits of the 
continental United States. In certain instances experts in very 
unusual fields indeed have been secured on a few hours’ notice and 
taken by plane to assist in solving some special problem that has 
arisen possibly many thousands of miles from our own shores. 
If the requirements of secrecy and of time did not both inhibit 
me, I could give some most interesting anecdotes about this serv- 
ice, which is certainly a vast improvement over anything which 
our country had available during the last world war when some 
almost ludicrously incompetent so-called specialists were sent to 
France on requests from the A. E. F. 

The Roster has also been asked by the Selective Service Sys- 
tem to certify to that system areas in the scientific and professional 
fields with which it deals in which shortages are known to exist. 
The Roster has similarly worked with the United States Office of 
Education and with other training agencies under federal and 
private direction in the determination of the quantitative need for 
additional educational upgrading or professional courses in special 
fields. In connection with this work of providing information 
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concerning supply and demand in the professions, the Roster has 
established within its own office a so-called Wartime Requirements 
Unit. This unit carries on the work initiated in the Roster by a 
volunteer committee set up last winter under the able adminis- 
tration of Mr. Owen D. Young. The function of the Wartime 
Requirements Unit of the Roster is the development of as complete 
data as possible concerning the supply of, the demand for, and the 
present war-utilization of scientific and professional personnel in 
each area and category dealt with by the Roster. This unit also 
attempts to relate supply and demand figures to the rate of 
production in colleges, universities, and technical schools. It 
maintains liaison with the educational world directly and through 
such agencies as the United States Office of Education, the 
American Council on Education, the Advisory Board of the Engi- 
neering, Science and Management Defense Training course pro- 
gram, and the national offices of the specialized engineering and 
other fields represented by the Roster. This War Requirements 
Unit also attempts to maintain as accurate figures as possible con- 
cerning the present and prospective needs of industry for scientific 
and professional personnel. These war industry figures are added 
to data secured concerning the personnel needs of the military 
services, those of the civilian federal government, and those of state 
or local governments. This unit also attempts to give special con- 
sideration to the peculiarly important demands of defense research. 
In this connection it may be said that the Roster from the first 
has worked closely with the National Defense Research Committee 
and the full Office of Scientific Research and Development. We 
have established joint personnel with the Office of Scientific Per- 
sonnel in serving the recruitment needs of defense research in 
physics, chemistry, and certain engineering fields. 

As I have pointed out, aid, counsel, advice and direction have 
been freely given to the Roster by many individual engineers and 
by the national engineering societies. On behalf of the Roster I 
wish at this time to express my gratitude to the engineering pro- 
fession and especially to the teachers of engineering of this coun- 
try for the splendid codperation which this great profession has 
given to the Roster. Without this aid the Roster could not per- 
form its war service in its present effective and active way. I 
should also at this time like to express my appreciation to my asso- 
ciate, James C. O’Brien, Executive Officer of the Roster, for his 
work which has in many ways made the Roster what it is today. 

Throughout its entire work the Roster has been closely as- 
sociated with the National Resources Planning Board. In this 
connection the Roster has attempted in the last 24 months of the 
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rearmament and war program to give proper consideration to the 
best possible preservation of that rarest and scarcest of our na- 
tional resources, the highly trained brains of America. We have 
also worked closely with the American Council on Education, the 
American Council of Learned Societies, the Social Science Research 
Council, and the National Research Council in developing the 
policies and procedures of the Roster. In the field of medicine 
the Roster now serves as the registration office for all doctors, 
dentists, and veterinary physicians in the country. In this latter 
service the Roster works with the Office of Procurement and As- 
signment in serving these three health professions. The Roster 
also performs special functions in many other non-engineering 
fields to which reference need not be made today. 

I cannot resist emphasizing the fact that the Roster seems to 
have many implications for peacetime as well as for our present 
wartime economy. Is it too much to hope that this new and 
effective agency for dealing with America’s highly trained citizens 
may be thought of as of use after this war period? At the pres- 
ent time all the activities of the Roster are devoted to the war 
effort. When the war is eventually over, however, there will still 
be the great task of demobilization and of the proper adjustment of 
specially trained citizens to our new peacetime economy. This 
readjustment may well make new calls upon the services of a list 
such as the Roster. By the use of the Roster at this time the 
relocation of our professionally trained men and women may well 
be much facilitated. In connection with the use of womanpower 
I should like to say in passing that the Roster has appointed a 
special consultant in this field, Mrs. Chase Going Woodhouse. who 
is attempting to use the Roster files in an effective program for 
the useful employment of highly trained women in the war effort. 
From the first the Roster has listed women as well as men. 

In speaking to some audiences I almost feel called upon to 
apologize for the fact that the Roster has proved itself to be a 
precision tool that works rapidly and accurately. This does not 
blind those of us who are concerned with the direction of the 
Roster to the fact that human judgment and human understand- 
ing are necessary in every appointment of a new man to a new 
job. We do believe, however, that such judgment and under- 
standing can be better applied in the full presence of facts than 
in the absence of facts. I know that this basic philosophy is one 
that does not need any justification to an engineering audience. 
I hope indeed that America’s engineers will continue to support 
the Roster in the future as in the past as one of the new instru- 
ments by means of which our unique American technological 
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civilization may be made at once more effective and also more just 
to the individual who has superior training than has been the case 
in the past. 

In the early days of our republic Thomas Jefferson wrote: 


. it proves more forcibly the necessity of obliging every citizen to be a 
soldier; this was the case with the Greeks and Romans, and must be that 
of every free State. Where there is no oppression there will be no pauper 
hirelings. We must train and classify the whole of our male citizens, and 
make military instruction a regular part of collegiate education. We can 
never be safe till this is done. 


Times may change and Jefferson’s thesis that war will always be 
with us may, we all hope, be demonstrated to be false, but I can- 
not believe that the time will ever come when Jefferson’s sugges- 
tion that we must train and classify the whole of our citizens will 
be outgrown. This statement of Jefferson’s seems to contain an 
idea that is worthy of our most serious consideration. Certainly 
the Roster, with its elaborate questionnaires, punch-cards, and 
electric tabulating and listing machines, is basically only a modern 
instrument to help in making America a place where the educated 
man can be really classified according to his skills. From this 
point of view the Roster is really an engineering device. By the 
use of this new instrument important numerical facts concerning 
fields of shortage in relation to engineering education can be estab- 
lished in our present war period and in peacetime as well. Funda- 
mentally therefore the National Roster of Scientific and Specialized 
Personnel may be described as an accurate instrument of precision 
developed in the service of the proper and efficient vocational and 
professional adjustment of highly trained Americans to make our 
country stronger and more effective both in war and in peace. 
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By KARL T. COMPTON 


President, Massachusetts Institute of Technology 


I wish that Dr. Bush, who is the head of the Office of Scientific 
Research and Development, could have given this address, as was 
the original hope. His duties prevented him from being here. 
He could have done it better than I in every respect except one, 
and that is, that he would not say what I can say, namely, that he 
has handled this problem with rare imagination and skill and 
courage. 

I have a connection with the work of the two preceding speakers. 
In the first place, the Office of Scientific Research and Development, 
which is set up under the O. E. M. is an organization parallel with 
the War Production Board, which Mr. Batt represents. With ref- 
erence to the Roster, one time when I went in to visit the Roster, 
I was greeted with an enthusiasm which went far beyond any per- 
sonal deserts of mine, and was presented with six punch ecards, all 
signed by the office staff. They happened to be the punch cards 
that correspond to Karl T. Compton. The explanation was that 
when they had some thirty or forty thousand questionnaires in, they 
decided that they would start putting the information through the 
punch-card system and they decided to pick one of those thousands 
at random and put it through as a test case, and I happened to be 
the one picked. 

Well the job of the Office of Scientific Research and Develop- 
ment cannot be put more positively than to say it is to prevent our 
soldiers from fighting with obsolete equipment. The job is to in- 
sure that every possible result of the ingenuity, skill and knowledge 
of American scientists and engineers be brought to bear effectively 
in a restricted technological field, namely, the field of new instru- 
mentalities, devices and mechanisms of warfare, because this Office 
is restricted in the executive order to those objectives—the mecha- 
nisms, instrumentalities and devices of warfare—and it is further 
restricted by the direction not to overlap with existing agencies 
such as the National Advisory Committee for Aeronautics. 

Within those limitations and restrictions, Dr. Bush has organ- 
ized, first, the National Research Defense Committee and then the 
other agencies that I will describe in a moment. But the object, 
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obviously, is to develop new weapons. ‘‘New weapons’’ constitute 
a fairly broad category. I think in the practical use of the term, 
very few new weapons are really new. For example, the sub- 
marine, which was to all intents and purposes new in the last World 
War, because it was then first used really effectively, was not new. 
Jules Verne had the idea, and a great many before him. The 
Greeks and the Chinese used incendiaries. Leonardo da Vinci de- 
scribed pretty completely the operation of panzer divisions and 
incendiary warfare, and, in fact, one of the subcommittees of the 
National Defense Research Committee has made the practice of 
putting at the beginning of each one of its technical reports (of 
which there have been seventeen during the past year) some apt 
quotation from Leonardo da Vinci. Benjamin Franklin envisaged 
the possibility of parachute troops and, in fact, he felt that the 
balloon with the possibility of parachutists landing on enemy coun- 
tries, would probably make future wars impossible. 

There are other things that are really new, and the job, as I 
said, of the Office of Scientific Research and Development is to try 
to make these new weapons as effective as possible. 

Historically, every great war emergency of the United States 
has led to some organization of scientific personnel in order to bring 
technological forces to bear on the war problems. The first signifi- 
cant and permanent action of the sort, so far as I know, was during 
the Civil War when Congress chartered the National Academy of 
Sciences to advise the Government on scientific matters, and very 
definitely at that time with reference to scientific matters in connec- 
tion with the war. 

Then, when the World War broke out, or just before we got 
mixed up in it, in 1916, President Wilson, by executive order, estab- 
lished the National Research Council as a sort of operating agency 
of the National Academy of Sciences, definitely as a national pre- 
paredness measure. And also, during the course of the last war, 
there was established the National Advisory Committee for Aero- 
nauties, which has been the leader of research and of development 
in that field ever since. Each of these agencies has continued and 
each is playing a very important role in the present war. 

One might ask why new agencies, then, have to be set up? I 
think there are several answers to that question, but one perhaps 
good and sufficient answer is that as each new war has come upon 
us, the magnitude of the technological forces that can be brought 
to bear has expanded so enormously that new agencies, new per- 
sonnel, apparently have been necessary. So that in this present 
emergency, there are a number of new agencies, and I think it can 
be said without any doubt of accuracy of the statement, that the 
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present organization, as far as organization of scientific forces is 
concerned, is much the best that this country has ever had. 

In addition to the earlier agencies and the National Roster and 
the E. 8. M. D. T. Training Courses (about which we will hear later 
on), there was set up, first, the National Defense Research Com- 
mittee, which I will describe in some detail a little later, the Na- 
tional Inventors Council, and then the Office of Scientific Research 
and Development, together with a Committee on Medical Research, 
and, finally, a Joint Committee on New Weapons. 

Each of these has a definite function. I feel particularly happy 
about the National Inventors Council because before that was estab- 
lished, my division and the other divisions of the National Defense 
Research Committee were literally swamped with inventions. 
Ninety per cent of our time was taken up in examining inventions. 
I do not think there were any of those inventions that were sub- 
mitted that would have any effect on this war and it was very hard 
to get into a state of mind that would be open-minded and enthusi- 
astie for getting new ideas, because practically none of the devices 
or ideas was new—and it was difficult, because it was not possible 
to tell the inventor, ‘‘ Yes, this is a very fine idea; in fact, it is the 
thing the Navy is working on most enthusiastically at the present 
time.’’ That could not be done. 

Well, when the National Inventors Council was set up, it gave 
an expert, large, experienced staff to deal with the inventions that 
come directly to the President, because I think he gets more than 
any other agency in the country, or come to Senators or come to 
Dr. Bush or to anyone else, Army and Navy chiefs, and so forth. 
They go through a sieve, and if the inventions apparently have the 
possibility of some merit, the National Inventors Council routes 
them to the individual or the agency that would be most likely to 
be in touch with the possibilities in that field, and there they are 
considered. But these active operating agencies in the research 
program are protected from a great deal of unfruitful work by 

having this screen set up by the National Inventors Council, which 
probably does the job much more ably than the active operating 
agencies could do it, anyway. 

The National Defense Research Committee, the personnel of 
which was appointed by the President, consisted of Dr. Bush as 
Chairman, four civilians, and as I mention the civilians, I will men- 
tion the way in which the organization was set up. Dr. Frank 
Jewett, formerly President of the Bell Telephone Laboratories, is 
Chairman of a Division on Communications and Transportation. 
President Conant of Harvard was Chairman of the Division of 
Chemistry and Chemical Technology, and since the Office of Scien- 
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tific Research and Development has been set up and Dr. Bush has 
been moved to the directorship of that office, President Conant has 
become Chairman of the National Defense Research Committee, and 
President Roger Adams of the University of Illinois has become, 
then, Chairman of the Division on Chemistry and Chemical Tech- 
nology. Dr. Richard C. Tolman of the California Institute of 
Technology is Chairman of the division that concerns itself with 
armor and ordnance. And I am Chairman of the Division that 
has to do with detection devices, controls and instruments. In 
addition to that, we have a Patent Division, headed by the Com- 
missioner of Patents Mr. Conway Coe, and in addition, the execu- 
tive order specified that there should be a high-ranking officer of 
the Army and a high-ranking officer of the Navy. At present 
they are Major General Williams of the Army and Captain Ly- 
brand Smith of the Navy. 

After that committee had been in operation for about a year, 
another executive order came out expanding this general field by 
creating the Office of Scientific Research and Development, headed 
by Dr. Bush as Director, and with the provision of an advisory 
council consisting of a representative from the office of the Secre- 
tary of War, one from the office of the Secretary of the Navy, the 
Chairman of the National Advisory Committee for Aeronautics, 
the Chairman of the National Defense Research Committee, and 
the chairman of a new committee which was then set up in parallel 
to the National Defense Research Committee, namely, the Committee 
on Medical Research; so that Dr. Bush is Director of this group 
of five members of an advisory body and is the person now to whom 
the funds are made available by Congress and to whom the recom- 
mendations go from the National Defense Research Committee or 
the Committee on Medical Research in regard to the organization 
and financing of research projects. 

Under these divisions, there are established a considerable num- 
ber of sections. A section is set up to cover any important category 
of activity. There are now approximately two hundred and thirty 
members—scientists and engineers—of these various operating sec- 
tions, which make their recommendations to the division chairmen 
and through them to the National Defense Research Committee and 
from that, to Dr. Bush. 

In addition to these members—and I should say that all of these 
serve without remuneration from the Government, except for travel 
expenses—approximately 237 members, there are a large number 
of Army and Navy liaison officers, who come in two categories. In 
the first place, the Army and Navy have each designated liaison of- 
ficers to serve in codperation with the various sections of N. D. R. C., 
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or rather, to represent various activities in the Army and Navy 
research and development program; and then in addition to that, 
special liaison officers are appointed by the Army and Navy to keep 
track of the developments going on in the major centers of civilian 
research activity. 

In addition to these liaison services, there is a very satisfactorily 
operating liaison service with the British. We have an office in 
London, with at least quasi-permanent men in charge, to whom a 
succession of scientists and engineers from this country go for one 
or two months’ stay to study special problems, and the British have 
the reciprocal arrangement in the United States and also in Canada. 

As to the procedures by which the National Research Committee 
handles research operations, I might mention, first, the ways in 
which the projects come before the Committee. Initially, the Com- 
mittee was furnished by the Army and Navy with a complete list 
of all current and anticipated research projects in the Army and 
Navy, with some indication of the Army’s and Navy’s estimate of 
the degree of priority of these projects. Our first job was to take 
these projects, figure out which ones we thought could be tackled by 
civilian agencies, and then try to find civilian agencies, which 
could take these problems and handle them effectively and quickly. 

In addition to that, suggestions come through the National In- 
ventors Council, requests come weekly from Army and Navy agen- 
cies to organize work on new projects; then suggestions come di- 
rectly from civilians, and once in a while, a committee member or 
a committee of N. D. R. C. has an idea of its own which he thinks 
is worth developing. So, in all of these procedures, projects arise. 

When an institution or a company is selected to handle a proj- 
ect, a contract is negotiated, and I will mention in a moment some 
of the policies that are followed in the handling of those contracts. 
A special investigator from the institution or company is desig- 
nated to be in charge of that project. The section committee which 
has supervision of the project keeps in touch with it from time to 
time, sees that reports are turned in and properly distributed to 
the Army or Navy, tries to evaluate the progress on that research 
project in order to find out about how soon there is likely to be an 
effective instrument for the Army or Navy, and then it is important 
for the section committee, in codperation with the Army and Navy 
liaison officers, to bring that to the attention of the suitable 
branches of the Army or Navy, first, with reference to test and pos- 
sible procurement in quantity, then perhaps to see that nobody has 
forgotten to take care of the necessity for training personnel if this 
involves a new technique. These latter are not statutory functions 
of the National Defense Research Committee, but they are over- 
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lapping interests in a codperative program that involves these many 
agencies. 

With regard to some of the policies under which N. D. R. C. 
is operating, one of the first policies that was set up was that there 
should be clearance secured from the Army and Navy Intelligence 
Services and any other services or agencies that they might wish to 
bring in, in regard to the propriety of employing any scientists or 
engineers or any others on these projects; so every man or woman 
who is engaged on one of these research projects has his name and 
appropriate biographical sketch submitted to the Army and Navy 
clearance officers. 

The clearance job is a terrific job, because we are only a small 
one of an enormous number of agencies that are requiring the same 
kind of service, and consequently, action on these requests for 
clearance cannot be secured overnight ; in fact, the average time all 
through our operations, in spite of all the pressure that can be 
brought to bear, is three months’ interval from the time when we 
wish to use a man until the time when the clearance comes through. 
Occasionally, that can be very much expedited. We notice that the 
clearances come through much more rapidly from large cities or 
neighborhoods of large cities than from the more remote places, 
and I suppose that is because the intelligence officers are organ- 
ized to operate relatively quickly in the large centers but do not 
have the time to take trips to the smaller centers to make these 
investigations. 

Well, that is a handicap. There are certain cases at the present 
time of men whose names have been put in for clearance, in which 
there has elapsed over a year’s time since the name was put in and 
still no action, either Yes or No. Well, there, a certain amount of 
judgment has to be used, and with the approval of the Army and 
Navy representatives on N. D. R. C., these men whose names have 
been put in for clearance and who are well known personally to 
members of the organization, can be put to work provided they are 
not given complete access to the whole program until the clearance 
comes through. That is one of the difficult problems. It is an 
irritating problem and we are inclined sometimes to resent the time 
it takes to get this clearance. On the other hand, we recognize that 
some of the problems that are being handled are problems of so 
secret a nature that if the enemy had a little knowledge, perhaps of 
only one or two details about it, it might enable him to blank out 
completely the operating possibilities of the new weapon when the 
time came for its use. Consequently, it is a necessary precaution. 

A second element of policy in handling these contracts was to 
work out a proper financial arrangement between O. 8. R. D., repre- 
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senting the Government, and the contracting agency. The policy 
was immediately agreed to by everybody that it should be on the 
basis of no profit and no loss, an easy policy to set up, one that can 
be easily defended, but pretty hard to put accurately into practice. 

One of the first jobs, then, was to find out what would be a 
proper amount of overhead to allow to go to the contracting insti- 
tution in order to take care of the indirect cost, assuming that the 
contract would be in the form of direct costs which could be sub- 
stantiated by vouchers, plus overhead. As far as the educational 
institutions were concerned, we made a study of about twenty 
universities, engineering schools and colleges of various sizes and 
types, to find out what, in their ordinary operating expenses, was 
the relation between the direct costs of operations on the job, 
teaching and research, and the indirect costs, representing ad- 
ministration and other services such as infirmary, library, upkeep 
of grounds and buildings, and so forth. 

It turned out as an average for those twenty institutions, that 
the overhead thus defined in operating those institutions averaged 
53 per cent of the total salaries of people who were working di- 
rectly on research and teaching. Well, we figured that these 
special jobs that would be done for the Government could not be 
done with less overhead expense than the customary routine job 
of the institutions, so we figured that if we took a 50 per cent fig- 
ure, that is, 50 per cent of the actual salary and wage item, and 
put that in for overhead, the institution would not be making 
money but would probably be making a very small contribution, 
if everything is taken into consideration. 

The contracts were made on that basis for the first year, with 
the educational institutions. With industrial organizations, the 
situation is different, because industries have to pay taxes and 
they do not have given to them their buildings and equipment. 
They have to pay an interest on their capital investment in those. 
A similar study indicated that for these research projects, an over- 
head item of a hundred per cent on the labor part of the cost would 
be appropriate. 

At the end of one year, Dr. Bush, in order to make sure that 
nobody was making any money on this, appointed an investigating 
committee, which made a thorough investigation and made certain 
recommendations for modifications. Then, at the end of the second 
year, which was just about now—he appointed another committee, 
this time containing a number of experienced accountants, and 
they have been making another study and they are again recom- 
mending certain revisions in these overhead allowances. 

Dr. Bush is now, I think, more concerned lest the institutions 
lose money and suffer as a result of this war effort than he is for 
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fear that they are going to make money at the expense of the 
United States Government. 

Another item of policy here has to do with the handling of any 
patents that might be developed in connection with the progress 
of the work—and here, again, the principle is simple but the appli- 
cation is difficult. The principle was that any invention made 
with the use of Government funds on these contracts should be 
handled in such a way that the United States Government should 
have a royalty-free use of that invention for the purposes of the 
war. In some of the contracts, where the work was of a codpera- 
tive type and not particularly associated with any one institution, 
as, for example, the Submarine Detection Research projects which 
are set up in two places, and the Radar, or R. D. T. that Mr. Batt 
mentioned—in those cases, the patent arrangement has been a more 
complete turning over of all patents. that may develop to the Gov- 
ernment. 

Another problem came up in connection with the distribution 
and concentration of the work among different institutions, and 
that has been a very difficult problem to handle because, on the 
one hand, it would be desirable to utilize all resources of labora- 
tories and personnel as completely as possible, so that everyone 
will be busy on this war research program, but, on the other hand, 
the great pressure was to handle particularly certain very urgent 
problems in a manner which would be expected to lead to the 
quickest possible solution of that problem. That, in many cases, 
meant assembling groups from various institutions in centers where 
they could work as closely codrdinated groups, where they would 
have daily contact. 

Then there were further limitations. For example, one project 
might require laboratory facilities, an extended outlook over the 
sea, and an airport. Another project might require close co- 
operation with one of the submarine bases. Another project 
might require a desert or a mountain or some region in which there 
was no one within a hundred miles, for safety reasons or other 
reasons; and so forth. 

I am not going to go further into that, but this problem of con- 
centration and distribution, I think, has caused more worry and 
been the cause of more thought on the part of the Committee than 
any other aspect. 

Well, so much for just some of the items of organization and 
policy. The thing in which we all would be most interested is 
results. I can give you some of the results in a statistical way, 
because I have permission to release these over-all figures in regard 
to the amount of work which has been handled by the O. S. R. D. 
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First, as to the total number of contracts—and all of these 
figures are correct as of May 6, 1942—the total number of con- 
tracts up to that date in the Division of Armor and Ordnances is 
60. The total number of contracts in chemistry and chemical 
technology is 300; in communications and transportation, 134; and 
in detection, controls and instruments, 234. 

Then there were 115 special contracts that, for one reason or 
another, did not fit into the main classification. In addition to 
these, the Committee on Medical Research had up to that time 
entered into 158 contracts, which gives a total number of contracts 
as follows: The total number with educational institutions has 
been 663, and those have involved 94 different educational insti- 
tutions. There have been 338 contracts with industrial compa- 
nies, involving 110 industrial companies. The total dollar value 
of all the contracts up to May 6th was fifty-seven million, seven 
hundred and thirty thousand and some odd dollars; so that it has 
been a very sizable program. 

The total staff of the Office of Scientific Research and Develop- 
ment, including committee members, a certain number of con- 
sultants, official investigators and technical aids, is 750. 

Probably Dr. Carmichael is the only person who could give 
even a reasonably accurate estimate of the total number of sci- 
entists and engineers who were engaged on these war projects 
under the auspices of the O.S. R. D. We have many times thought 
of trying to make that census but the number changes so fast 
that we have not done it. My guess is that 7,500 scientists or engi- 
neers are involved,—well, say, plus or minus 25 per cent as a 
probable error, and I can take up that probable error in the way 
in which I define ‘‘scientist’’ or ‘‘engineer.’’ 

Well, it is a large program. On the whole, it is proceeding 
very effectively. Undoubtedly, mistakes have been made, but 
there has been a genuine effort to handle the job well, naturally, 
and to secure as much competent advice as possible. 

As to the influence on the war, again, I cannot say very much. 
I think it is proper to say that some of the products of this re- 
search work, products that have been developed within the past 
two years, are now actually in use by our armed forces or those 
of our Allies. It is proper to say that procurement of some of 
the products that have been developed during this two-year re- 
search program now runs into many hundreds of millions of dol- 
lars, and some of this procurement has already been delivered. 

When we remember the normal delay between research and 
a project’s coming into active use after industrial production, I 
think this is an encouraging figure. A friend of mine in Boston 
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used to have in his company the motto, ‘‘From research labora- 
tory to freight car equals seven years,’’ and here we have a case 
in which there are less than two years elapsing between research 
and a very substantial procurement. 

As to the effect of this on the war, no one can say, but certainly 
there have been developed weapons that appear to be exceedingly 
powerful, and in the production schedule, the delivery of some of 
those weapons will be on a large seale before the end of this calen- 
dar year. Consequently, I believe we can be exceedingly opti- 
mistic in thinking that the result of this work by scientists and 
engineers of the country, in this field of research, is going to be a 
really effective aspect, certainly, and I think a very important as- 
pect, of the military decision. 

I do not want to close without calling attention to one thing 
which is, of course, obvious if you stop to think about it. I have 
talked about the Office of Scientific Research and Development 
because that was the topic assigned to me. It is the one about 
which I know the most, but it is only one of the great many agen- 
cies in which war research work is going on. I mentioned the 
National Academy of Sciences, the National Research Council, the 
National Advisory Committee for Aeronautics. There are also the 
very important research establishments in both the Army and the 
Navy, such as those of Wright Field, Fort Monmouth, Aberdeen in 
the Army, or the Naval Research Laboratory and Washington 
Navy Yard, Fort Dahlgren, and a great many places of this sort. 

Consequently, the total war research effort is a much larger 
effort than the one that I outlined by means of those figures, al- 
though the Office of Scientific Research and Development is the 
principal one of the civilian agencies that is coéperating in this 
field. 

In closing, I would like to say just a few sentences about the 
latest one of these new agencies, namely, the Joint Committee on 
New Weapons. I think in many ways that is the most important 
of any of these developments, because it is the first time, as far as 
I know, in the history of the United States, when there has been 
set up officially and under conditions for effective operation, a co- 
operation with the chiefs-of-staff of the Army and the Navy in 
which the civilian scientists can have some part to play in the 
planning of military operations, or, reciprocally, in which the 
chiefs-of-staff at the very top of Army and Navy operations can 
get word directly down to the civilian scientists concerning the 
particular types of things for which they feel a tactical necessity. 

This was set up again by elevating Dr. Bush to be Chairman 
of this Joint Committee on New Weapons and associating with him, 
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General Moses, Deputy Chief of Staff of the Army, and Admiral 
Lee, who is Chief of the Readiness Division of the Navy. 

Now, I do not have any idea of what they talk about specifi- 
cally. I do know that Dr. Bush is enthusiastic about the way in 
which this new Committee has taken hold during the approximately 
two months of its existence, and I do know that the Committee will 
operate in this way, among other ways: If an important military 
operation is envisaged in the future, through this Committee there 
will be a discussion with Dr. Bush or an inquiry to him from the 
chiefs-of-staff, as to what types of new weapons or new devices, 
may be available, which would be applicable to this particular 
military operation, and, reciprocally, advice and inquiry can go 
in both directions. Consequently, because of this last link in the 
chain of technical operations, I think we can say that the civilian 
research effort for the war is now set up in a manner very well 
integrated, both from the liaison officers to the Army and the Navy, 
and now through this Joint Committee on New Weapons, with the 
actual operating armed forces. 














THE WAR DEPARTMENT’S NEEDS FOR 
ENGINEERS * 


By WILLIAM H. KUSHNICK 


Director of Civilian Personnel and Training, War Department 


I wish I were able to impress you today with a new problem and 
an original solution. But I find that your own Society and other 
educational agencies have been well abreast of the times and have 
put in motion sound plans for accomplishing what is urgently 
needed,—more and better engineers. 

It has been obvious to all of us that this is a war of technical 
superiority. Americans fighting only with their hands and their 
hearts will not win victory. But their devotion to duty, backed 
by ample and superior instruments of offense will surely win. 

It is unfortunate that engineering, which has contributed so 
much to the advance of civilization, must also take leadership in 
the forces of destruction. But when we have won the war, a 
more permanent peace will certainly come, in which technology 
can uninterruptedly apply itself to the welfare of mankind. 

I should like to make it clear that my principal discussion today 
will deal only with the civilians employed by the War Department. 
There is a tendency for the average citizen to think only of the 
military when reference is made to the War Department. Some of 
the facts which I shall present will help you and others under- 
stand that our civilian employees are a major force in the total 
war effort of the War Department. 

In September, 1938, at the time of Munich, there were about 
60,000 civilians employed in the War Department. A year later, 
when Poland was invaded this number had increased to about 
80,000. In June, 1940, after the fall of France, 100,000 civilians 
were on the payroll. During the next year more than 200,000 
civilians were added, and, when Pearl Harbor was attacked last 
December, the number totaled approximately 400,000. Today 
there are over 700,000 civilians in the War Department, and this 
civilian army is as large as was our total armed force just two 
years ago. The numbers of civilians continue to increase at the 
rate of over 10,000 per week. The War Department is the largest 
single employer in the entire country. 

* Presented at the 50th annual meeting, 8S. P. E. E., New York City, June 
27-29, 1942. 

70 








> Ge. Gile on ek ake ce 








Te 
ly 


al 
ir 


“dd 


al 


ut 
er, 
ut 
ns 


ast 
ay 
his 
wo 
the 
est 








WAR DEPARTMENT’S NEEDS FOR ENGINEERS 71 


A wide range of occupations is to be found among these civilian 
employees, including professional and administrative positions, 
engineers, technicians, skilled mechanics, clerks, stenographers, and 
unskilled laborers. Civilians are working at the benches, ma- 
chines, and assembly lines in the War Department’s owned and 
operated production and maintenance arsenals and depots. They 
are helping to feed, clothe, and house the Army. They are carry- 
ing on research vital to war operations. They are planning and 
designing the facilities and instruments of war. They are con- 
structing airfields and building highways. They are carrying out 
necessary clerical, accounting and fiscal activities. They are 
located in every state of the nation and in some faraway places 
across the waters. 

At the beginning of this expansion the United States Civil 
Service Commission, our principal recruiting agency, was able to 
supply experienced personnel. As the labor market tightened, 
experienced personnel for many occupations became more and 
more difficult to find. During the past two years we have taken 
the best qualified men and women that the Civil Service Com- 
mission could recruit and have trained them to meet our require- 
ments. 

About 18 months ago the Secretary of War, in recognition of 
the need for facilitating and codrdinating the civilian training 
program of the War Department issued a training policy and 
authorized a training organization. The policy establishes objec- 
tives, places responsibilities, and prescribes a procedure for 
training. A Director of Civilian Training was appointed in the 
Office of the Secretary of War, and, in conformity with the organ- 
ization authorized for the various bureaus and establishments, 
there is operating today throughout the Department under both 
military and civilian leadership a comprehensive program of train- 
ing. A substantial part of this training effort is accomplished in 
our own schools and shops. At the same time, every available 
facility and agency involved in civilian training is being utilized 
throughout the nation to assist in developing an adequate supply 
of capable personnel for the War Department. 

Thousands of men and women are acquiring new skills in our 
Civilian Training Program. In many instances they are earning 
while learning. And the opportunities for advancement are un- 
limited. In fact, we operate on the concept that if one has any 
skill or follows any profession it probably can be utilized by the 
War Department somewhere. And if one has capacities not 
specifically applicable to our needs there is ample opportunity for 
being trained in an important occupation. 
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It has been only by intensive training of workers, super- 
visors, and executives that the War Department has been able to 
maintain production at a high rate while absorbing thousands 
of green employees. 

I do not need to tell this group in what way the engineering 
colleges are codperating with the War Department in this training 
program. Practically every step which the colleges have taken to 
fit their programs to the war program has resulted in direct benefit 
to us. Some of the outstanding things which have been done by 
the colleges to aid the War Department are: 

1. Giving assistance in the planning and setting up of technical 
training programs throughout the nation. 

2. Codperating with the Ordnance Department, the Signal 
Corps, the Chemical Warfare Service, the Quartermaster Corps, 
and the Office of the Secretary of War in training civilian em- 
ployees through the E. S. M. D. T. and other programs. 

3. Speeding up the availability of engineering graduates by 
eliminating or reducing vacation periods. 

4. Streamlining courses of instruction, concentrating on essen- 
tials, even though this has meant the sacrificing of some extremely 
important phases of the normal educational process. 

The War Department is deeply grateful for all this assistance. 

The acute need for engineers of all kinds has been stressed 
again and again during your meetings. You probably have heard 
some astronomical statistics concerning the number of engineers 
who are needed by various government agencies, the armed forces, 
and private industry. The War Department needs and would like 
to find about 50,000 civilian engineers during the balance of this 
calendar year. The 50,000 does not represent the total number 
who could be used in the War Department. Twenty-five thousand 
of the total number required should be electrical engineers, 10,000 
civil, and 5,000 mechanical. The remaining 10,000 are about 
evenly divided among chemical, hydraulic, safety, architectural 
engineers, and others. 

I know that the greatest concern of every person here is to find 
those ways in which the engineering colleges can make an even 
greater contribution to the war effort. I take the liberty of offer- 
ing a few suggestions which if you adopt will increase the assistance 
you have already been to the War Department. 

First, the engineering colleges of the nation might increase a 
hundred fold their efforts to interest young people in employment 
in the public service. In order to do this adequately, college 
officials should become thoroughly familiar with the jobs which are 
performed by government workers and should keep currently in- 
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formed concerning the occupational opportunities in the Govern- 
ment. Only in this way can you offer to students guidance and 
information concerning government employment. This informa- 
tion can only be made effectively available to students by a whole- 
hearted codperation between representatives of the colleges and 
representatives of the Government. 

I am particularly eager that the occupational pattern and the 
story of the civilian personnel needs of the War Department should 
be known in every college and university. The result would be a 
much closer integration between college training and needs of the 
War Department. My office is now taking steps to furnish this 
type of information to all educational institutions, societies, and 
agencies and will continue to work closely with them in the estab- 
lishment of training programs pointed toward our own occupa- 
tions. 

There is no need for me to suggest that you do everything 
humanly possible to increase your enrollment to a point where 
your facilities are taxed to the limit. I trust that you are actively 
sponsoring with the high schools the U. 8. Office of Education plan 
to inerease the supply of those who are capable of engineering 
training. I trust too that your influence will be directed towards 
emphasizing in all secondary schools the need for fostering more 
and intensive study of mathematics and the sciences. I trust too 
that you are encouraging more women to follow the engineering 
field. 

I realize that these attempts meet with difficulty in these days. 
Young men who are anxious to serve their country are turning 
to more fascinating and heroic things than the classroom. They 
are hesitating about entering college when the prospects for finish- 
ing their education are not too bright. Upper classmen are leaving 
college to take their places in the armed forces. The Enlisted 
Reserve Corps plan of the Army and Navy will be a tremendous 
help in keeping young men in college, but your own individual 
influence must continue to increase in effectiveness. 

While the War Department needs fully trained engineers of 
the type which you have been graduating, and I know that you 
will not lessen your efforts to turn out such men and women, the 
Department has another need which must be met. Certain of our 
technical positions can be filled by men and women who have had 
less than four years of college training. Such individuals can be 
trained in three to six months to fill some of these occupations. 
The colleges are having trouble attracting students for a three or 
four year program; the War Department needs personnel trained 
quickly for specific jobs; and the nation cannot afford to let any 
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of its training facilities lie idle for even one hour. Putting these 
facts together, it seems to me that one of the desirable objectives 
of the engineering colleges and universities in the immediate fu- 
ture should be to adapt their facilities, faculties, and policies to an 
extensive program of specific occupational training. 

Undoubtedly you are thinking that this type of training is now 
being accomplished through the E. S. M. D. T. programs. The 
E. S. M. D. T. is only a good start but will not alone accomplish 
the urgent task before us. I have in mind a program in which 
every engineering college in the United States should participate. 
It would demand careful planning and close codérdination between 
the employing agencies and the training institutions. Job descrip- 
tions and occupational analyses must be made available to the train- 
ing institutions. The total picture in respect to the personnel 
requirements of the employing agency must be made available. 
There naturally must be mutual acceptance by the employing 
agency and the colleges of the adequacy and of the educational 
soundness of the program. 

In short, I should like to see.a program of training worked out 
in the very near future in which the War Department, for example, 
would say to the engineering colleges, ‘‘We need 2,000 radio in- 
spectors. This is what they must be able to do, and this is what 
they must know, and this is the standard of work performance 
which they must meet. You make the selection of students, give 
them the necessary training in the quickest possible time, and we 
will then put them to work.’’ 

All sorts of objections can be presented against such a plan. 
It can be said that not enough is known about what the oecupa- 
tional demands will be after the war and that you would not be 
fulfilling your obligation to American youth if you give them a 
narrow occupational training. Many believe that industry and 
Government should do their own specific occupational training, 
leaving to educational institutions the training in the basic funda- 
mentals. Others believe that colleges and universities should de- 
velop the thinking and reasoning processes of young people rather 
than give training for specific occupations. These and other 
more cogent reasons all must be considered and should be the 
fundamental policy as long as our engineering schools are utiliz- 
ing to the fullest extent their faculties and facilities. But when 
training resources are not being fully employed there can be but 
one answer. Harness everything that we know and everything 
that we have in the drive to victory! 

There are in this country thousands of graduate engineers who 
are not working at their profession. Many of them were victims 
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of the depression. They found jobs in other walks of life. As 
the years have passed they have come to feel that they have for- 
gotten everything they knew about engineering. Many of these 
individuals could be brought back into the technical occupations 
through short term training programs. 

There is still another group, the engineering college dropouts. 
There are jobs for a good many of them in the War Department. 
For example, we need and can employ as draftsmen young men 
and women who have completed one year of an engineering or 
architectural course which includes drafting. Young men and 
women who have completed one or two years in an engineering 
course are eligible for training as Junior Inspector, Mechanic 
Technicians, scientific aides in radio, chemistry, physics, metallurgy. 
There are a host of others. 

It seems to me that your own placement people should be fully 
aware of these opportunities and that every effort should be made 
to utilize effectively your former students, 100,000 of whom left 
your colleges during the past five years. We must take advantage 
of every hour of engineering education and training which you 
are giving and we must salvage that which you have given. 

In conclusion then, it seems to me, some of the tasks of the 
engineering colleges in the war effort are: 

1. Carry on under an accelerated and streamlined pattern the 
supplying of well trained engineering personnel, fully equipped 
with the technology, reasoning qualities, and capacity for leader- 
ship ; 

2. Salvage to the fullest extent former students and graduates 
who are not already engaged in technical occupations; 

3. Actively foster and stimulate interest in the engineering pro- 
fession among high school students ; 

4. Continue to keep close to the needs which are developing in 
the War Department and other governmental war agencies ; 

5. Engage more extensively in short term technical occupa- 
tional training. 

In closing, may I say that there is manifest here that unity of 
thought, purpose, and action which will have its telling effect on 
the enemy. American ingenuity in technology has led the world 
during the last century. The engineering colleges have nurtured 
that advance. I am sure the engineering colleges will continue to 
be in the vanguard of the forces which will lead to an early victory. 
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By F. J. KELLY 
Chief, Division of Higher Education, United States Office of Education 


If there are any of you who have not heard the story that is 
going around Washington, you may enjoy it, because many of you 
come down and deal with us in Washington and you may have ex- 
perienced something of this sort of thing. 

It seems that there was a man appointed from Oklahoma to 
come down to Washington and take a job. After about six months, 
he returned to his home town in Oklahoma, and his friends there 
were interested in why he had quit so soon. So they asked him, 
‘‘What about this business in Washington? Don’t you like it?’’ 

‘‘Oh, yes, not so bad, but not so good.’’ 

‘*Well, what was the real trouble about it?’’ 

**Oh, I just don’t like it.”’ 

‘‘Well, there must be something about it. Why don’t you like 
it?’’ 

He said, ‘‘ Well, I’ll tell you. You know our Oklahoma streams 
down here; they usually run pretty dry and you can drive over 
them. They don’t trouble anybody very much. But once in a 
while, there comes a flood and then down these dry streams comes 
this great flood of water, and sometimes, you know, there are logs 
coming tumbling down in this flood. Well, I thought that sometimes 
on some of those logs there may be perhaps a thousand ants that got 
marooned, and each ant thinks he is steering the log. That’s the 
way it goes in Washington.’’ 

All of us down in Washington have what we regard as impor- 
tant parts to play. We are trying to play those parts in codpera- 
tion with you, whom we are trying to serve, and it is always with 
appreciation to you that anything is accomplished that is accom- 
plished there. We know that very well. 

I think I shall confine myself to reporting the three things 
which I think you would be interested in knowing about, as recent 
developments connected with the engineering colleges and federal 
activity, mainly legislation. 

First, we have assumed, in the E. 8. M. D. T. program, that 
perhaps it was not well to try to include the training of teachers 
in searcity fields, such as physics and mathematics, even though 
the absence of that training was a serious handicap to the opera- 
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tion of-the E. S. M. D. T. program. Therefore, when that short- 
age of teachers of physics and mathematics became particularly 
obvious and acute during this last spring, we proposed, through 
the Federal Security Agency, a measure to the Bureau of the 
Budget asking for a special appropriation for summer courses to 
train teachers of physics and mathematics, or to improve the train- 
ing of teachers of physics and mathematics. These were to be 
subject matter courses which the physicists and the mathematicians 
were very anxious to have available for their people in the sum- 
mertime. 

The Bureau of the Budget finally concluded that as far as they 
could see, and with the advice of the Legal Division of the Fed- 
eral Security Agency, such training ought to be an aspect of the 
E. S. M. D. T. program. Therefore, last week, as late as it had 
become—and we greatly regret the delay—there was sent out to 
all of the engineering schools represented in the E. 8. M. D. T. 
program, a notice of that change of policy with a request that 
those engineering schools or departments of physics or mathematics, 
where it was believed that a sufficient number of teachers of college 
or high school grade interested in it could be assembled during the 
summer, should propose courses under the E. 8. M. D. T. program. 

Also, last week, there was a leaflet sent out to thirty-five thou- 
sand high schools and colleges and others interested, indicating 
that perhaps these courses would be organized in the summer. 
This was an effort to secure in this very hurry-up fashion at least 
opportunities for a few of the teachers of mathematics and physics 
to improve their status during the summertime. 

Just how effective that program is going to be, of course we 
cannot tell, but we ask your codperation again in coming to the 
rescue, under the unfavorable conditions of a late start, and get 
as many of those courses going as possible. I can assure you that 
with the very rapid increase in aviation, particularly, and demands 
such as Mr. Kushnick indicated to you of War Department needs, 
and others, physics and mathematics are coming to be a serious 
bottleneck in respect to all these programs. 

There is probably going to be at least double the amount of 
physics instruction needed in high school next year over what has 
been done in the current year. There is undoubtedly going to 
be a very radical increase in the amount of mathematics teaching. 
The great danger is that physics and mathematics teaching will be 
poorly done. Poor instruction is now more serious than ever, 
when physics and mathematics have become the basis of the work 
that these people in aviation and other activities of that kind will 
do. Please come to the rescue as best you can and help to get 
those courses under way. 
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Second, the acceleration program, in which all of you are 
greatly interested, did not fare so well in the Bureau of the Budget. 
I think I should say in behalf of the Bureau of the Budget that 
one of the reasons why they hesitated to approve the proposals for 
aid to institutions or aid to students on the basis of loans, in the 
form that we originally proposed, was the Bureau’s view that this 
matter of relationship of the Federal Government to institutions 
is very fundamental and anything affecting that relationship 
ought not to come through the appropriation route. It ought to 
come through the regular Congressional action route. 

Now, that might not have been a determining factor if it had 
not been that along at the same time, throughout this spring, there 
was under deliberation, as you know, the possible creation of the 
War Manpower Commission. This has now been created, a little 
over two months ago. It was believed that the War Manpower 
Commission should have a fairly free hand in determining policies 
with respect to this whole matter of using the facilities of colleges 
and universities in helping the manpower problem. Therefore, 
that was also a deterring influence on the Bureau of the Budget. 

At any rate, about five or six weeks ago, the Bureau of the 
Budget did recommend a ten million dollar appropriation for loans 
to students in accelerated programs in engineering, physics, chem- 
istry, medicine, dentistry and pharmacy. That program was not 
approved by the Appropriations Committee of the House of Rep- 
resentatives, and therefore there was no item in the Appropriations 
Committee report to the House for student loans. 

The report went to the Senate, and there was a good deal of 
disappointment expressed throughout the country over the omis- 
sion of that item. Probably due largely to that expressed interest, 
the Senate, on last Friday, reintroduced that item and it was 
passed. It will now go before the Conference Committee of the 
Senate and the House. How it will fare, nobody, of course knows, 
but it may be that that very small fund, a reduction from what was 
originally recommended of 27 million dollars to seven and a half 
million dollars, may be available for this next year to help with 
student loans. 

‘The conditions of the loan, which may interest you, are these: 
That instead of being limited, as was the Budget Committee’s ree- 
ommendation, to those who had passed the first two years of col- 
lege, that limitation was removed and the loan is now to be avail- 
able to any student in engineering, physics, chemistry, medicine, 
dentistry and pharmacy, if it passes as it now appears in the Sen- 
ate report. But the cancellation clauses are now in this form: 
the only cancellation provisions in the measure are cancellation 
for those who are taken by the Selective Service while they are 





ire 


lat 


ns 
‘ip 


ad 
re 





THE U. 8S. OFFICE OF EDUCATION 79 


still in college ‘or those who suffer disability or death. For those, 
there is complete cancellation; for others, there are no provisions 
for any kind of cancellation, that is, any partial cancellation. That 
is the status of that acceleration program in which we all had a 
good deal of hope throughout the spring. 

(Note: a bill appropriating $5,000,000 for student loans passed 
both houses of Congress June 29.) 

Third, at the time that the Bureau of the Budget made the 
recommendation of the ten million dollar loan, as all that it pre- 
served of the initial recommendation about acceleration programs, 
it said in its report that this recommendation of the student loan 
should be regarded as only a stopgap, and that they recommended 
to the Administrator of the Federal Security Agency that he pre- 
pare as early as possible, legislation to take care of the long-time 
needs (long-time having to do with the war period) of the colleges 
and universities, in order that they might use their facilities to 
the full, in training men and women for war related service. 

The Administrator as Chairman of the War Manpower Com- 
mission immediately requested the Commissioner of Education to 
make recommendations to the War Manpower Commission con- 
cerning that prospective legislation. Since that note came from 
the War Manpower Commission, we have been engaged in the 
Office of Education in setting up the kind of studies that we think 
are basic to a report suitable for the use of the Manpower Com- 
mission. 

There is in Washington today, for example, a group of twenty 
people representing twenty institutions, undertaking to analyze 
what the relationship ought to be between the Army reserves, the 
Navy reserves and any other group whose attendance ought to be 
assured in college in order to get a proper distribution of trained 
manpower. 

We, in the Office of Education, have four men who have been . 
willing to volunteer their time to come down and work with us, 
in trying to get this program ready. I cannot predict what it is 
going to be, but every indication that I have had so far, backed up 
by the splendid codperation which we are surely going to have 
from Dr. Elliott, who is now in charge of the Professional and 
Technical Employment and Training Division of the War Man- 
power Commission, we believe there is going to be a comprehensive 
program to solve a number of these perplexing problems. These 
problems cannot be solved without this overall manpower approach 
to it. 

For example, it has been mentioned a time or two on the plat- 
form this morning that our whole manpower pool in the colleges 
is not large enough. We get each year about 210,000 men com- 
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ing in for the first time from high schools, that is all. When you 
think that the Navy Reserves at present set up under V-1 con- 
template 80,000 freshmen, with a like number of 80,000 in the 
Army Reserves, it is clear that they are not going to be able to get 
that number out of 210,000. 

However, for that 210,000 men who do go to college (and for 
fear I forget it, let me make it perfectly clear that this kind of 
program must not be confined to men alone; we must find many, 
many uses for the women in colleges to take the place of these able- 
bodied men who are going to be needed in combat service), we 
know from all the studies that have ever been made of the ques- 
tion that there are an equal number who do not go to college at 
high school graduation but who are equally qualified to do col- 
lege work. For many reasons, they have not gone, and among 
those reasons is the fact that they have not had funds with which 
to pay the cost. If the Government of the United States needs 
more than 210,000 now—and, of course, the same thing could be 
said of those who graduated two years ago or three years ago, 
who are now sophomores or juniors—there are people in our com- 
munities who might be brought back into college if we need that 
larger pool of trained manpower. 

That little brochure that you received, ‘‘ Engineers Are Needed,’’ 
merely suggests one of the ways in which closer codperation be- 
tween your engineering schools and the high schools needs to take 
place in order that we may bring in a larger number of the quali- 
fied men and women in the college work than has been true in the 
past. That is merely one illustration of the way in which we be- 
lieve it is necessary to canvass very thoroughly how to increase 
this pool of manpower and how, from that pool of manpower, to 
be quite sure that all those services that need trained men and 
women get their proper allocations in order that the country may 
have the services which trained men and women must render. 

Therefore, as a part of this study which is now being made in 
Washington, I have come to ask you if you will fill out a question- 
naire.* It is a simple questionnaire but it is information which 
we very much need. The questionnaires will be passed out to you 
as you go from the hall, when the discussion is over. Take them 
with you. I hope you may fill them out while you are here. I am 
sure that Dr. Bishop will collect them if they are left out at the 
desk and send them down to us. If you take them home, send 
them in to us after you have filled them out. I do not think it will 


*If you filled out a questionnaire and did not give it to some one to mail 
for you, will you please forward it immediately to Dr. Kelly? 


Editor. 
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take you ten minutes to do it. In spite of the fact that there 
ought to be no question about the great need of trained manpower 
and the conservation of the men in the colleges, there is one strong 
agency in Washington whose men will still say to us, as they said 
yesterday to representatives of our group, ‘‘We are not convinced 
that there is really a manpower problem in the industrial field. 
We believe that you must satisfy the need for industrial help 
primarily from those who are not qualified to serve in the armed 
forees.”’ 

That may be exactly the way we must come out, but if so, then 
you will understand the need for a program of recruiting within 
our colleges that will bring in many types of persons that we have 
not previously thought were the proper ones to be there. 

Well, it is that sort of problem that we are concerned with and 
I hope that you will help. You have always helped. In fact, we 
have felt in the Office of Education that you were a sort of main- 
stay in our program. 














REPORT OF THE COMMITTEE ON STUDENT CON- 
SERVATION 


The Committee on Student Conservation was appointed at the 
suggestion of Dr. F. J. Kelly, Executive Director of the U. 8. Office 
of Education Wartime Commission. Dr. Kelly pointed out that 
the proposals for Federal aid in an acceleration program included 
‘‘scholarships to increase the number of freshmen entering engi- 
neering schools as well as inducements to retain students already 
in attendance but—if we could save to graduation even half of the 
students who are already in the engineering schools but who will 
not reach graduation, we would accomplish more than by all these 
other devices combined.’’ He added ‘‘that it will probably help 
our cause if we can give assurance that the S. P. E. E. is actively 
engaged in trying to find a way to reduce the apparent wastage 
at the same time it is advocating federal assistance to the colleges 
in their efforts to increase the numbers of graduates.’’ 

Nature of the Problem.—The problem assigned was one in which 
action was more important than research. The enrollment sta- 
tistics of recent years, as published in the JouRNAL OF ENGINEERING 
EpucaTIon, indicate a fairly stable pattern of losses from year to 
year, with apparently somewhat higher retention than was shown 
in the Study of Admissions and Eliminations in 1926. The reasons 
for the apparent gain in the ratio of graduations to admissions are 
not revealed. A better understanding in many secondary schools 
of what is required for success in the study of engineering and 
more discriminating admissions by the colleges are probably the 
most important. Better personnel administration within the col- 
leges may also be a factor. 

A few observations will serve to sketch in the outlines of the 
conservation problem : 

1. Graduating classes are somewhat less than half the numbers 
admitted to the same group as freshmen. The relative enrollments 
in engineering colleges of the United States for the four undergradu- 
ate years, taking the senior year as a basis of reference, are of the 
order indicated below : 


1940 1941 
EAE Pty ee re 100 100 
IN 26 53566 Nu ler Sign acne 123 117 
IO 8s Gs ws cna ok 149 149 
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2. About half the total shrinkage occurs before the beginning 
of the sophomore year. The shrinkage indicated above is net, 
being somewhat offset by incoming transfers. 

3. There is no general stabilization of classes before the senior 
year; only a scant quarter of the colleges report a shrinkage be- 
tween fall enrollments of juniors and seniors in successive years 
less than 10 per cent; in more than half this shrinkage exceeds 
20 per cent; and in the remaining quarter it exceeds 40 per cent. 
(Percentages based on junior enrollments.) 

4. As far as the Committee can ascertain the causes of drop- 
outs shown in: the 1926 Report are still substantially valid : 


Scholastic failures due to: Other primary causes: 
Lack of ability or interest........... 27.2% Change of course.. 14.5% 
Entrance conditions or poor preparation 9.8%  Financialdifficulty 9.7% 
Non-scholastic activities............. 4.5% Health... .. Sedes See 
BOPORIOIG 6 ee aeress 2 bC8s RS 4.3% Conduct......... 3.2% 
RS eer mater ieee Cay 2.5% Other known causes 4.8% 
Other contributing causes............ 4.9% Unknown causes.. 9.7% 


Converting and re-grouping these figures according to the remedial 
measures indicated : 


Better preparation, selection or pre-college guidance... .. . 37 % 
Change of course (figure should probably be higher)... . . . 14.5% 
Wise IS 5 eka. od Shc oo hs aa i Fa ee 144% 
Improved regimen and conduct.....................05. 7.7% 
Health, correction and maintenance.................... 71% 


Remedies not indicated (better diagnosis apparently needed) 19.4% 


Better Student Selection as a Conservation Measure.—Your 
committee is of the opinion that better selection of students at or 
before admission is the most important single conservation meas- 
ure available. To allay any impression that this idea is a mere 
counsel of perfection, it seemed desirable to learn more.of the 
trends of experience in recent years. Replies were obtained from 
56 institutions, representative in variety, to a simple inquiry, as 
follows : 

la. Has your college used any means of pre-selection of engineering students 

other than the usual prescribed entrance credits? 
Replies from public institutions Yes — 21 No— 13 
Replies from private institutions Yes — 20 No— 2 


1b. If yes please check means used: 
Public Private 


Graduation in a certain top fraction of class... 16 16 
Extra mathematics and science prescribed... 13 10 
Placement examinations or other tests... ... 10 10 
Interview by admissions officer............ 3 15 


Recommendations by alumni.............. 1 7 
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lc. In your opinion, have these measures reduced eliminations and estimated 


percentage? 
Public Private 
TESS SESE Dee ages tipe te Sie. 208, Fe Re get oa 18 19 
DRESS BT ata aaa aie UA oA. Beene Beales 3 0 
Extent of reduction: 
a es Re aia i Ne as AE tae 4 10 
I 5. Opals Fee ery a ae weak 5 2 
I Port ba Herds sii hoy banle 5 4 
NE I ici ore ih nas as sh antinns oie wees 4 3 
2a. Under your conditions is pre-selection by the above or other means 
feasible? 
Replies from public institutions Yes — 24 No— 9 
Replies from private institutions Yes — 20 No— 1 


2b. Is a greater degree of pre-selection compatible with an increased annual 
admission rate? 


Replies from public institutions Yes — 13 No— 18 
Replies from private institutions Yes — 10 No— 11 


It would appear from the above replies that (a) selective cri- 
teria of admission have gained a fairly wide acceptance among 
public and private institutions alike, (b) they are regarded as 
effective in reducing drop-out losses, but (c) in a majority of cases 
present selective practices represent about all the traffic will bear, 
particularly if an increased annual intake is to be sought. The 
indications given are consistent with the opinion widely expressed 
in studies of the prediction of college success and survival, that 
rank in the secondary school is the most valid single index of suc- 
cess in college. They further tend to substantiate the procedures 
suggested in the program recently proposed by the U. S. Office of 
Education under the title Engineers Are Needed, aiming to in- 
crease the annual admission quotas of engineering colleges by an 
average of 30 per cent which may be summarized as follows: 


ENGINEERS ARE NEEDED 


I. Engineering Colleges to: 
1. Inerease admission quotas, average 30 per cent. 
2. Recruit freshmen to limit of facilities : 
a. Concentrate on usual sources. 
b. Set quotas for each group to be admitted during 
year. 
. List preparatory sources in (a) with quotas based 
on experience. 
d. Contact these schools, giving quotas desired, dates, 
criteria, ete. 
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II. Secondary Schools to: 

1. List seniors with minimum achievement in required 
mathematics and science. 

2. Test and classify seniors listed on criteria supplied by 
colleges. 

3. Similarly list and canvass juniors, and accelerate those 
clearly able to qualify for admission to college at mid- 
years. 

4. Acquaint qualified students with opportunities and obli- 
gations. 

5. Assign personnel to carry out plan. 


III. Liaison Measures: : 

1. Colleges to send representatives to schools concerned. 

2. Representative to confer with principal, counselor, and 
department heads. 

3. Have individual conference with each candidate, and 
consummate further admission procedures with ac- 
ceptable candidates. 

4. Where circumstances dictate, cover above procedures by 
correspondence. 


IV. Suggested Further Procedures in Secondary Schools: 

1. List students having minimum units in algebra and plane 
geometry, check other courses in mathematics and sci- 
ence, and cross off all below upper half of class, making 
collateral list of those not included but having out- 
standing achievement in mathematies and science. 

2. Eliminate names of those definitely not interested in engi- 
neering. 

3. Give intelligence and placement tests to remaining group. 
(List suggested.) 

4. Obtain personality ratings for remaining group. (Form 
suggested. ) 

5. Have each pupil fill out personal information blank. 
(Form suggested. ) 

6. Interview each pupil on list, emphasizing abilities impor- 
tant in engineering, and write summary of observations. 

7. Supply condensed form (suggested) to college representa- 
tives when visits are arranged. 

8. Provide visiting representatives with 

a. Report of previous activities, and suggestions re- 
garding most suitable candidates. — 

b. Suitable interview quarters. 

c. Complete individual records on each student. 

9. Similar procedures on juniors who are candidates for mid- 

year entrance. 
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Personnel Work After Admission.—It is difficult to estimate 
from available facts what gains in student conservation might be 
achieved through more effective personnel work after admission. 
The objective will often be the prompt clearing of those students 
who have only slight prospects of graduation from the rosters of 
engineering schools. Transfers to other curricula are the most 
constructive means to this end assuming that the students con- 
cerned have good general abilities and are merely misplaced or 
are wrongly prepared. Where non-selective admissions seem to 
be obligatory and the resulting drop-outs and transfers from 
courses in engineering are relatively numerous, the Committee be- 
lieves that the establishment of a fairly definite probationary 
period would make for economical and constructive handling of 
the personnel problems involved. A one-year probationary period 
would be advantageous, if change of curriculum is the remedy in 
view. A two-year period affords more latitude to clear up en- 
trance deficiencies, to make needed adjustments in work habits and 
standards, and to test out aptitudes. Furthermore it conforms to 
the junior-senior divisional levels which are coming into wider use. 
The probationary period has the advantage of bringing doubtful 
cases to disposition at a definite time, instead of letting them drag 
along indefinitely. Students, advisors and administrative officers, 
it is believed, will make more consistent efforts to face facts and to 
make remedial decisions with a time limit in view. 

The clearing of rosters by transfer or by terminations, how- 
ever, should be secondary in a sound personnel program to more 
complete efforts to assure the graduation of students who demon- 
strate capacity but are handicapped by reason of finances, health, 
slowness of pace, faulty work habits, or personal problems. Suc- 
cessful conservation along these lines requires first, that it shall 
be somebody’s business, second, that the problems be diagnosed 
with skill and understanding and third, that means be at hand to 
meet remediable situations. Under normal conditions, there is 
much to be said for putting the major responsibility for survival 
on the student, especially after any probationary, hurdle has been 
cleared, with college authorities available as collaborators rather 
than chaperons. Life after college is not a personally conducted 
tour and education is intended to fit the individual to cope with its 
problems. Wartime, however, demands the fullest use of every 
individual of superior gifts and of every institutional facility. The 
end-product of engineering education has premium value and pro- 
duction must represent full capacity as nearly as possible. 

Expanding briefly on the three essentials of conservation, we 
suggest that local conditions must indicate the methods of organi- 
zation and procedure. The case for centralized personnel super- 
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vision during a probationary or junior period is fairly clear, but 
the choice between having the job done with upper division stu- 
dents in the office of a single dean, or decentralizing it among the 
professional departments where contacts are intimate and con- 
tinuous can not be made categorically. Diagnosis of difficulties 
which exceed common sense limits may call for clinical resources 
which are likely to be available only in the larger institutions. 
Clinicians, however, are not often effective administrators, and a 
clinical nucleus is scarcely sufficient warrant for complete cen- 
tralization of personnel functions. On the other hand a highly 
decentralized advisor system is subject to extreme unevenness, 
unless there is strong codrdinating authority. Means to meet 
remediable situations include, in addition to prompt and compe- 
tent counsel and diagnostic service, efficient health service, sources 
of financial aid, and authority to adjust the student’s load and 
program to his working pace. 

Effects of Acceleration.—The accelerated programs now in oper- 
ation or in prospect will place added burdens on all personnel offi- 
cers and resources. If these programs are permitted to overtax 
the income of the college or the health, finances or capacity for 
adjustment of their students, the result may be to increase drop- 
outs to a degree that would render the plan self-defeating. The 
accelerated programs now in effect are largely of a partial char- 
acter, representing what the colleges feel to be prudent limits im- 
posed by their own resources and those of their students. Infor- 
mation gathered from 56 representative engineering schools by 
the Committee indicates that more than half expect some increase 
in drop-outs if federal aid is not available to students in accel- 
erated programs, while a considerable majority look for a decrease 
in drop-outs if aid sufficient to offset vacation earnings is provided 
from public sources. 

Financial aid to students, where needed to maintain enrollment 
at full strength during an accelerated program, would appropri- 
ately take the form of loans more largely than outright grants. 
The student’s total expense is not increased by acceleration, but 
his rate of outlay is stepped up and his opportunity to earn di- 
minished during the period of continuous attendance. He stands 
to recover all this by earlier graduation and entrance into full- 
time employment, unless inducted into the armed forces as an 
enlisted man. It would seem advisable for colleges which must 
rely on their own resources to aid students in accelerated programs, 
to establish loan funds, either on a permanent or a self-liquidating 
basis. Experience with loans to engineering students indicates 
that careful administration, including adequate checking of each 
applicant’s academic standing and credit rating and a firm eol- 
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lection policy, will recover the principal substantially in full, 
losses being offset by interest charges after graduation. 

Increasing the Value of Men Who Complete Partial Courses.— 
The Committee believes that specific efforts should be made to in- 
crease the value and identification of the training received by stu- 
dents who complete only part of an engineering curriculum. It 
does not believe it is practicable to do so by any fundamental re- 
arrangement of curricula which would add more practical training 
to the early years. It believes this end should be accomplished by 
closer personnel supervision and by prompt transfer into intensive 
terminal courses aiming at specific war services and maintained 
under E. 8. M. D. T. auspices, whenever it becomes clear that any 
student can not or should not continue in the regular program in 
expectation of graduation. 

Innumerable war service outlets exist for all students who have 
occasion to leave engineering colleges after one, two or three years, 
and demands from the armed forces, the Civil Service and the war 
industries are far in excess of any prospective supply from this 
source. The Committee has not felt called upon to propose a de- 
tailed list of such outlets or to formulate a recommended sched- 
ule of intensive terminal courses to point students into them. Bul- 
letins on War Service Opportunities for College and University 
Students, issued by the American Council on Education, Wash- 
ington, D. C., are complete and authoritative. The Bulletin of 
April 15, 1942, for example, lists on pages 1 to 6 six Civil Service 
classifications highly suitable for students who have had less than 
two years of engineering training and on pages 9 to 24 lists ten 
classifications with 42 optional branches, suitable for non-graduates 
with two to four years of such training. The Navy is eager to 
obtain men with partial engineering training. Dean J. W. Barker, 
Assistant to the Secretary of the Navy, lists the three major fields 
as (a) aviation cadets, (b) specialist ratings and (c) junior in- 
spectors (Civil Service). The Army depends on direct induction 
and on training given in its own schools to supply the technicians 
needed within the armed forces, but uses Civil Service to recruit 
junior technical personnel for auxiliary civilian services. 

The Committee suggests that the E. 8. M. D. T. authorities as- 
semble information and propose outlines to guide engineering col- 
leges in planning intensive terminal courses intended to point up 
non-graduating students for immediate value in war activities. 

Adequate Preparation in Fundamentals—The Committee de- 
sires to restate and emphasize the opinion that effective student 
conservation, especially when combined with an accelerated pro- 
gram and with efforts to increase admissions fo engineering col- 
leges, begins in the secondary school. It can not be made too clear 
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that the student is not ready to begin the study of engineering 
unless he is well grounded in algebra, geometry and physical sci- 
ence. He is not qualified for the study of engineering unless he 
can think with some facility and precision in terms of quantitative 
relationships, in terms of form and space relationships and in terms 
of mechanical functions. He may be permitted to enter college, 
in which ease his curriculum must be lengthened to care for pre- 
paratory studies. Nor is any escape possible from the pursuit of 
mathematical, scientific and basic engineering studies in an inter- 
related sequence. 

The time required to cover deficiencies of specific preparation, 
both in amount and quality, must therefore be added to the usual 
period of the engineering curriculum. The margins of time per- 
mitted by the normal schedules for making up minor deficiencies 
of preparation are scant at best; under accelerated schedules they 
are likely to be wiped out. Inadequate or ineffective preparation 
can therefore lead only to failure or to an inevitable lengthening 
of the college program. The engineering colleges are sympathetic 
to the desires of the secondary schools to provide forms of educa- 
tion suited to the needs of the whole body of American youth 
and realize that preparation for any form of college study must be 
fitted into this larger program without being allowed to dominate 
it. Collaboration between engineering educators and their col- 
leagues in the secondary schools must be increasingly cordial and 
understanding if the objectives now set are to be realized, and it is 
our belief that this collaboration is most likely to be achieved if 
the ineseapable facts are clearly recognized. 

Summary of Opinions and Recommendations.—The Committee 
holds : 

(1) That there should be no sacrifice of standards in engineer- 
ing education, beyond the minimum cendensation of time sched- 
ules, during the war period. The times call for improved stand- 
ards, wherever these can be achieved. 

(2) That admission quotas of engineering schools should be in- 
creased wherever possible within the limits of year-round capacity, 
but without lowering admission requirements in essential mathe- 
matics and science. 

(3) That increased use should be made of aids to selective ad- 
mission to the degree permitted by the circumstances and obliga- 
tions of each institution. The Committee believes that the mini- 
mum requirement, beyond the designated entrance credits, should 
be a specific recommendation from the principal of the secondary 
school; wherever possible it favors limiting admissions to a fixed 
upper fraction of the graduating class, with exceptions only in 
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cases of proved merit; it recommends a wider use of placement 
examinations, not only as an auxiliary to admissions procedure, 
but also as an aid in grouping students according to their initial 
attainments and needs; and it strongly recommends that wherever 
possible admission should be preceded by an interview with a per- 
sonnel representative of the college. 

(4) That a recognized probationary period should be observed 
prior to recognizing any student as a prospect for graduation, that 
definite responsibility for personnel supervision should be estab- 
lished and vigorous efforts made within this period to clear up all 
deficiencies and to up-grade habits and abilities requisite for suc- 
cessful work in the advanced years, that transfers to or from other 
curricula should be made within this period wherever in the stu- 
dent’s interest, and that rosters of engineering students should 
be cleared of all but good prospects for graduation by transfer or 
termination by the end of the period. 

(5) That increased efforts should be made to insure the gradu- 
ation of all qualified candidates by adequate and intimate personnel 
supervision, by financial aid, by health service and organized physi- 
eal training, and by adjusting schedules to individual capacities 
and working pace. 

(6) That financial aid should be provided from institutional or 
public sources to the extent needed to meet the special exigencies 
of acceleration programs, principally in the form of loans. 

(7) That steps should be taken to increase the value and iden- 
tity of the training received by students who complete less than 
a full course and to relate it to war needs, principally by providing 
intensive terminal courses in war specialties under E. 8. M. D. T. 
auspices. 

(8) That emphasis should be given in all relations between engi- 
neering colleges and secondary schools to the importance of cordial 
and understanding collaboration, based on recognition of the com- 
prehensive character of secondary education and on the inescapable 
necessity for sound and adequate preparation before the study of 
engineering can be begun with prospect of a successful outcome; 
also that the conditions of work under accelerated programs in- 
crease the need for the best preparation and most careful selection 
possible. 

Respectfully submitted, 
C. J. FREUND, 
W. A. Knapp, 
A. V. Minar, 
F. L. WILKINSON, 
W. E. WIcKENDEN, Chairman. 
June 28, 1942. 
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ENLISTED RESERVE 


By C. E. MacQUIGG 
First Vice President, 8S. P. E. E., The Ohio State University 


A controversy has been precipitated lately on the subject of the 
Enlisted Reserve and one of the charges leveled against its func- 
tioning is that out of it arises unfair discrimination in that only 
those boys whose families can afford to send them to college are 
able to enjoy the army deferment the system offers. Strictly 
speaking, this is true because, obviously, only those boys who can 
get to college are able to enjoy the privileges of college boys! 

The sharpest of the criticisms leveled against the principle of 
the enlisted reserve—namely, that it is undemocratic in nature— 
only begs the question of a much greater problem: What should 
society do with the fundamental question of those worthy youth 
who never get to college because of economic barriers? We in the 
technical schools realize that many of those who enter are not 
fitted for engineering studies by preparation, or by taste, or by 
mental attainments. On the other hand, we believe that there 
are many youths mentally and otherwise fitted for engineering 
educations and these never reach the technical schools because of 
economic reasons. While this is only a part of the general ‘‘give 
and take’’ of life, if the war continues for just a very few years, 
it must be our business to help society find and develop these 
youth. And when means are found for their education, a new 
and dynamic resource will be uncovered for our national good. 
In other words, the criticism against the enlisted reserve, attacks 
an almost inconsequential element of a bigger problem. We en- 
dorse the principle and operation of the enlisted reserve. 

And while we are on the subject of educational upheavals at- 
tendant upon the war, there is another type of demand which may 
be anticipated; namely, military demands for college facilities 
otherwise needed in our own teaching work. Sharing of these 
facilities may create serious inconveniences and upsets in our own 
routine. Two things will, of course, be kept in mind in this con- 
nection: one is the need for the efficient continuation of the in- 
structional work of the regular curricula; the second is the recog- 
nition that the colleges of engineering will have certain facilities 
not elsewhere available to the military. This places upon us a 
special responsibility to make these available wherever possible, 
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with the thought that officers already in the armed service and in 
need of special and instant military engineering training are, ob- 
viously, a greater war asset than the undergraduate student of 
engineering who will be a potential officer several years hence. 
These conflicts require most careful thought and planning, so that 
legitimate military needs are not denied on the basis of pure con- 
venience to ourselves. 


MEETING OF THE COUNCIL, OCTOBER 26, 1942 


There will be a meeting of the Council of this Society at seven 
thirty Monday morning, October 26, 1942, at the Drake Hotel, 
Chicago, II. 

The business of this meeting will be limited to specific items 
such as approval of incorporation procedures, the organization of 
divisions or administration, etc. 

Please return the enclosed postcard so that proper accommo- 
dations may be made for your breakfast. 


Cordially yours, 
F. L. Bishop, 
Secretary. | 














ARMY ENLISTED RESERVE CORPS * 


The text of the official statement of the Secretary of War, re- 
leased on September 10, covering the Army Enlisted Reserve Corps 
is as follows: 


‘‘The enlistment of college students in the Army Enlisted Re- 
serves was authorized by the Secretary of War in the belief that 
the training afforded by study at colleges was useful for their 
preparation for service in the Armed Forces and that a substan- 
tial number of those enlisted would prove qualified for selection as 
candidates for training as officers. By such enlistment students 
have the satisfaction of placing themselves immediately at the 
service of their country to be called to active duty in the Armed 
Forces whenever the Secretary of War finds that the exigencies 
of the war demand it. Meanwhile, they are engaged in prepara- 
tion deemed useful for that service. 

‘‘The stepping up of the intensity of the vital combat in which 
we are engaged and the growing need for enlarged forces make it 
clear that all young men fortunate enough to have the physical 
and mental qualifications to enable them to serve their country in 
the Armed Forces are destined for that service. Further, the 
exigencies of the war have now become such that it is now expected 
that by the end of the college term or semester beginning in Sep- 
tember those student members of the Reserves who have reached 
Selective Service age will all or for the most part be called to 
active duty and those reaching that age during subsequent terms 
will similarly be called. 

‘When enlisted reservists are called to active duty the Army 
will determine what further training is required to qualify these 
men for military duty. For this purpose the War Department 
will adopt such methods and utilize such facilities of their own or 
of the colleges as will best meet the current military requirements. 
In general, training after call to active duty will be highly spe- 
cialized to qualify the men for specific military duty. Such train- 
ing will be given only as required by military necessity and will 
be concentrated into the minimum time period. Plans under con- 
sideration contemplate an R.O.T.C. training program modified to 
conform to this policy.’’ 


* Emergency Supplement to Bulletin, ‘‘Higher Education and National 
Defense,’’ American Council on Education, September 12, 1942. 
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From the above statement and conferences with Army repre- 
sentatives the following conclusions may be drawn as a guide to 
college and university students : 


1. There is no indication that the Army will call to active duty 
members of the A.E.R.C., or those enlisting during the semester, 
prior to the end of the term or semester beginning in September 
even though they are or become of Selective Service age. 

2. In the future the same principle will apply; that is, men in 
the A.E.R.C. will probably not be called to active duty until the 
end of the semester or term in which they reach approximate Se- 
lective Service age. 

3. It is now planned that Selective Service age will be inter- 
preted at the equivalent age at which a man would otherwise be 
inducted through Selective Service—approximately 20 years and 
6 months. 

4. The R.O.T.C. will be continued although it is indicated that 
some slight modifications are under consideration. 

5. The Army intends to use the facilities of the colleges and 
universities for such training as may be considered necessary for 
future officer candidates. 

6. There is no indication that the Navy, Marine Corps, or Coast 
Guard will make a similar change in their respective Reserve Corps 
plans. 

7. As previously announced the Recruiting Team from all 
Services will begin its visits to college campuses on September 15th. 





















EXCERPTS FROM “PRIORITY MANUAL FOR ENGI- 
NEERING, SCIENCE, AND MANAGEMENT, 
WAR TRAINING,” AUGUST, 1942, PAGE 7 * 


FeperaL Security Agency, U. 8. Orrice or Epucation, 
WASHINGTON 


TIRES 


‘‘The E.S.M.W.T. office feels that valuable service to the war 
effort could be rendered by Local Price and Ration Boards who 
see fit to issue certificates for tires, recaps or retreads to those per- 
sons engaged in this program who have worthy need and who will 
use the tires almost entirely for the work in connection with the 
program. 

‘‘Many persons have been with the program for more than 
two years and have worn out their private tires in expediting the 
War Training. This office is aware of the insurmountable diff- 
culties frequently involved in attempting to use public transpor- 
tation. 

‘‘The Local Tire and Ration Boards are the final authorities in 
granting certificates for tires. Copies of two letters from Mr. 
Thomas E. Harris, Assistant General Counsel of The Office of 
Price Administration to Dean Case, dated June 29, 1942 and July 
25, 1942, are enclosed. A copy of Amendment No. 17 to the tire 
rationing regulations is also enclosed. These documents should 
provide basis for action by the Local Ration Boards in granting 
certificates for tires, retreads, or recaps.’’ 


GASOLINE 


‘The Local Tire and Ration Boards are the final authority in 
granting ration books for gasoline for those engaged in the War 
Training Program who must travel and whose work can not be ex- 
pedited by use of public transportation facilities. 

‘*A basis for action by Local Price and Ration Boards in pro- 
viding needed gasoline ration books for ‘preferred mileage’ will 
be found in Ration Order 5A, Part 1394-Rationing of Fuel and 
Fuel Products, Section 1394.506. In that section the following 
language appears: 

* Publication authorized by George W. Case, Director, E.S.M.W.T., Sept. 
2, 1942. 
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‘*Preferred mileage. The mileage driven in a passenger auto- 
WE 4s Si -cteneows necessary for carrying out one or more of the 
following purposes shall be deemed preferred mileage: .......... 

**(c) By public school teachers or officials for the performance 
of official duties which require travel from school to school,’’ and 
de ae eee ee OES <b tevin bare sis (2) For re- 
eruiting or training workers ............ for employment in 
sete brdinubacciats (k) (3) Industrial or extractive establishments es- 
sential to the war effort, including: plants or establishments en- 
gaged in the extraction, production, processing, or assembling of 
any aircraft, motor vehicle, ship, marine equipment, armament, 
implement or engine of war, or ........ of any raw, semi-processed 
or finished materials, supplies, or accessories necessarily used in the 
manufacture thereof; or of tools, machinery or appliances essen- 
tial to the manufacture or use thereof: or of munitions or fuel; 
or of essential medical supplies or essential food or clothing.’’ For 
a definition of Public school officials see the letter from O.P.A. 
Assistant General Counsel, Ref. no. 227:RLS, dated: July 25, 1942. 

‘The E.S.M.W.T. office trusts that no difficulty will be encoun- 
tered in obtaining adequate gasoline for worthy use in this pro- 
gram. This office should be advised of unsatisfied needs, if such 
exists. In case gasoline is needed by enrollees, they should form 
travel clubs of four, if possible, and petition the local Price and 
Ration Board for coupon: books to satisfy their needs for travel to 
and from classes. They should also show that public transporta- 
tion facilities are inadequate to meet the need.’’ 


“‘June 29, 1942 


‘“We have considered your letter of June 16, 1942, requesting 
us to rule that college and university instructors participating in 
the Engineering, Science, and Management Defense Training Pro- 
gram of the U. S. Office of Education are eligible for recapped 
tires where it is necessary for them to use automobiles to get to 
the instruction centers. It appears that most of these courses are 
given at plants engaged in defense work. If no other means of 
transportation are available, the instructors who conduct the 
courses might be eligible for recapped tires under Section 504(a)3 
of the Revised Tire Rationing Regulations since they seem to be 
workers going to and from industrial establishments essential to 
the war program. 

‘‘There are several other requirements an applicant for tires 
must meet such as using the automobile with maximum efficiency. 
We might point out that under Section 501(¢c)3 of the Regula- 
tions the local boards have discretion to deny any application for 
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retreads where they believe that the applicant is not making a 
substantial enough contribution to the war program to warrant 
the use of tires. Furthermore, the automobiles used by these in- 
structors must be used principally to transport them in connection 
with the defense training courses they are giving if they are to ob- 
tain tires. 

‘We hope that this ruling may furnish some measure of guid- 
ance for future action by the local boards. 


**July 25, 1942 


*‘In your letter of July 22, 1942, addressed to Mr. Richard C. 
Harrison of our Office, you request our opinion as to the eligibility 
for recapped tires for such officials and instructors of the 
E.8.M.W.T. as use their automobiles principally to carry out the 
program of scientific and engineering training courses in schools 
throughout the country. 

**You have pointed out in your letter that the program is es- 
sential to the effective prosecution of the war; that the courses 
are taught in public school buildings and other educational plants; 
that only ‘colleges and universities which operate under charters 
which exempt their educational property from taxation and pub- 
lie degree-granting educational institutions’ are eligible to par- 
ticipate in the plan and receive federal funds; and that private 
automobile transportation is necessary for certain supervisory 
officials and teachers to expedite the program where public trans- 
portation is inadequate. It further appeared from personal con- 
ferences between Mr. Bailey of your office and Mr. Silber of ours 
that the program is carried out through federal funds paid to 
colleges and universities, which in turn pay the teachers and 
officials on their staffs who participate in the supervision and 
teaching of the classes, given in high schools and grammar schools 
near important war plants. 

‘Amendment No. 17 to the revised Tire Rationing Regulations, 
which became effective July 15, 1942, provides eligibility for 
‘public school officials and teachers’ whose duties must be per- 
formed in more than one school and who use a passenger car prin- 
cipally to perform their duties because of the absence of other 
practicable means of transportation. A state university, sup- 
ported in part by public funds derived through taxation, is a 
‘public school,’ within the meaning of the amendment. Those 
supervisory officials and teachers who participate in your program 
and who are employees of state universities are, therefore, ‘public 
school officials and teachers.’ They may be eligible for recapped 
tires for their cars if their duties require their attendance at more 
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than one school, if the use of public means of transportation are 
not available to enable them to carry out their duties, and if the 
use of their cars is principally for the performance of their duties. 
By ‘principally’ is meant substantially all of the total use of the 
car. 

‘‘Tt is for the Local Boards to determine the question of whether 
the work of the supervisory officials and teachers who meet these 
requirements are engaged in work essential to the war effort and 
are of sufficient importance to the Nation and the community to 
justify the issuance of certificates for tires, in the light of com- 
peting needs of other applicants before it.’’ 

(Both letters signed Thomas E. Harris, Assistant General 
Counsel, Office of Price Administration. ) 
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Conferences: C. E. MacQuigg, Chairman, The Ohio State University, Colum- 
bus, Ohio, in charge of all conferences for the 50th anniversary meet- 
ing, Chicago, Ill., June 25-28, 1943. 

Executive: H. T. Heald, Chairman, Illinois Institute of Technology, Chicago, 
Ill., C. E. MaeQuigg, B. M. Woods, J. 8. Thompson, F. L. Bishop. 
Program: H. T. Heald, Chairman, C. E. MacQuigg, B. M. Woods, J. 8. 

Thompson, F. L. Bishop. 

Publication: F. L. Bishop, Chairman, University of Pittsburgh, Pittsburgh. 
Pa., A. H. White and H. T. Heald. 

Acceleration of Regular Engineering Programs: D. B. Prentice, Chairman, 
Rose Polytechnic Institute, Terre Haute, Ind., I. C. Crawford, C. E. 
MacQuigg, E. L. Moreland, R. W. Sorensen, F. L. Wilkinson; H. T. 
Heald and F. L. Bishop, Ex-Officio. 

Aeronautical Engineering: Alexander Klemin, Chairman, New York Uni- 
versity, New York City, H. W. Barlow, L. R. Parkinson, C. T. Reid, 
Hans Reissner, M. J. Thompson, K. D. Wood, J. E. Younger. 

Comprehensive Examinations: R. H. Frazier, Chairman, Mass. Inst. Tech., 
Cambridge, Mass., H. W. Bibber, W. E. Howland, C. V. Mann, C. T. 
Olmsted, C. L. Svensen, G. 8. Timoshenko, W. C. White, P. A. Willis. 

Engineering Economy: E. D. Ayres, Chairman, Ohio State University, 
Columbus, Ohio, J. C. Clark, W. D. Ennis, L. J. Fletcher, E. L. Grant, J. 
C. Hempstead, M. C. McIlroy, P. T. Norton, A. I. Peterson, R. C. 
Putnam. 

Engineering School Libraries: J. B. O’Farrell, Chairman, College of the City 
of New York, New York City, Harold Lancour, Ruth McG. Lane, Gran- 
ville Meixell, Natalie Nicholson. 

Engineering Research: L. M. K. Boelter, Chairman, University of California, 
Berkeley, Calif., F. M. Dawson, F. O. Ellenwood, O. A. Hougen, A. 8. 
Langsdorf, M. F. Sayre, E. O. Waters, J. R. Withrow, W. R. Woolrich. 

Evening Engineering Courses: R. E. Doherty, Chairman, Carnegie Institute 
of Technology, Pittsburgh, Pa., N. P. Auburn, H. P. Dutton, H. E. 
Dyche, F. C. Stockwell. 

Fiftieth Anniversary (1943): Working Committee: H. P. Hammond, Chair- 
man, The Pennsylvania State College, State College, Pa., 8S. B. Earle, 
K. T. Compton, O. J. Ferguson, D. B. Prentice, A. H. White, H. T. 
Heald, O. W. Eshbach, F. L. Bishop. 

Honorary Committee: C. Frank Allen and M. E. Cooley, Chairman, 
F. E. Giesecke, D. C. Jackson, J. P. Jackson, D. 8. Jacobus, L. E. 
Reber. 

Format of the Journal of Engineering Education: J. 8S. Thompson, Chairman, 
McGraw-Hill Book Co., New York City, W. Bradford Wiley, F. L. 
Bishop. . 

Graduate Study: L. E. Grinter, Chairman, Illinois Institute of Technology, 
Chicago, Ill., Hardy Cross, J. W. M. Bunker, H. J. Masson, R. W. Soren- 
sen, A. H. White. 

Institutional Members: R. A. Seaton, Chairman, Kansas State College, Man- 
hattan, Kansas, D. C. Jackson, R. L. Sackett. 
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Instructional Methods: C. S. Ell, Chairman, Northeastern University, Bos- 
ton, Mass., W. R. Bryans, W. M. Cobleigh, H. J. Gilkey, Scott Lilly, 
J. B. Morehouse, C. E. Tucker. 

Junior Colleges: A. H. Lovell, Chairman, University of Michigan, Ann 
Arbor, Mich., E. C. Douglas, E. R. Hedrick, J. W. Hazen, C. T. Oswald, 
R. H. Spahr, R, A. White. 

Lamme Award: A. M. Dudley, Chairman, Westinghouse E. & M. Co., East 
Pittsburgh, Pa.; four years, E. M. Billings, 343 State St., Rochester, 
N. Y., R. C. Ernst, University of Louisville, L. G. Straub, University 
of Minnesota; three years, T. R. Agg, Iowa State College, L. E. Grinter, 
Illinois Institute of Technology, G. W. Gleeson, Oregon State College; 
two years, Paul Cloke, University of Maine, 8. B. Earle, Clemson Col- 
lege, F. A. Thomson, Montana School of Mines; one year, A. M. Dudley 
A. C. Stevens, General Electric Company, B. G. Elliott, University of 
Wisconsin. 

Membership: H. T. Heald, Chairman, Dlinois Institute of Technology, Chi- 
cago, Ill., J. E. Hannum, L. P. Arduser, G. P. Stocker, H. E. Davis, R. 
E. Vivian, R. L. Daugherty, S. M. Morris, C. M. McKergow, C. R. 
Young, Warren Raeder, C. M. Knudson, J. R. Morgan, L. E. Seeley, J. 
H. Lampe, R. L. Spencer, Jos. Weil, R. L. Sweigert, J. E. Buchanan, 
R. C. Kintner, B. H. Jennings, R. P. Hoelscher, Seibert Fairman, R. J. 
Schubmehl, J. M. Phelps, D. L. Arm, E. B. Kurtz, R. L. Grider, Linn 
Helander, C. C. Jett, F. L. Wilkinson, C. W. Ricker, R. T. Sessums, 
P. M. Horton, A. S. Hill, R. E. Root, W. B. Kouwenhoven, 8. 8. Stein- 
berg, W. E. Nightingale, J. 8. Thompson, C. E. Tucker, H. P. Burden, 
K. G. Merriam, I. C. Crawford, C. J. Freund, A. R. Carr, M. M. Cory, 
C. T. Eddy, C. A. Koepke, H. A. Curtis, C. V. Mann, W. M. Cobleigh, 
W. L. DeBaufre, 8. G. Palmer, L. W. Hitchcock, F. W. Garran, James 
Creese, H. N. Cummings, F. H. Pumphrey, J. C. Elgin, D. F. Othmer, 
W. H. H. Cowles, P. H. Black, S. J. Tracy, J. M. Church, Bro. A. Leo, 
H. E. Wessman, F. C. Wilson, M. F. Sayre, Louis Mitchell, H. H. 
Nugent, W. H. Hall, E. E. Randolph, L. C. Harrington, F. E. Ayer, R. 
C. Gowdy, G. B. Carson, C. E. MacQuigg, D. M. Palmer, H. L. Dodge, 
A. Naeter, F. O. MeMillan, A. C. Callen, W. B. Plank, G. A. Irland, 
R. C. Disque, J. S. Goff, W. N. Jones, P. E. Rush, C. L. Kinsloe, C. G. 
Thatcher, J. S. Morehouse, R. L. Wales, L. 8. LeTellier, J. G. Potter, 
N. W. Dougherty, H. E. Degler, A. A. Jakkula, E. H. Flath, L. B. 
Ryon, C. V. Bullen, A. Diefendorf, G. F. Eckhard, A. D. Taylor, Louis 
O’Shaughnessy, J. L. Vaughan, R. D. Sloan, E. R. Wilcox, C. E. Lawall, 
H. E. Pulver. 

Nominating: Past presidents, members of Council retiring in 1944, and one 
member of the Society from each Section who shall have been elected 
for a term of one year at a regularly called meeting of the Section and 
duly certified to the Secretary of the Society before May 15, 1942. 

Personal Development, Coérdinate Committees in: Ivan C. Crawford, General 

Chairman, University of Michigan, Ann Arbor, Mich. 

(a) Student Selection: R. L. Sackett, Chairman, Hotel Sheraton, New 
York City, G. M. Butler, J. W. Howe, W. A. Knapp, W. C. Krath- 
wohl, W. B. Plank. 

(b) Undergraduate Adjustments: F. L. Wilkinson, Chairman, Univer- 
sity of Louisville, Louisville, Ky., C. T. Eddy, J. E. Hobson, C. 
A. Koepke, T. H. Morgan, J. C. Reed. 

(c) Development and Placement: O. W. Eshbach, Chairman, Northwest- 

ern University, Evanston, Ill., L. W. Bass, Walter Bishop, M. M. 

Boring, N. C. Ebaugh, J. H. Foote, W. J. Hebard, S. B. Morris. 


Relay in Man 


0 OE DAD Ie LE 











les 


20, 


ge, 
id, 












COMMITTEES FOR 1942-43 


Physics: J. G. Potter, Chairman, School of Mines, Rapid City, 8. D., H. L. 
Dodge, C. E. Bennett, G. P. Brewington, P. L. Copeland, Lark-Horovitz, 
J. W. Woodrow. 
Principles of Engineering Ethics: J. W. Barker and D. C. Jackson. 
Progress: C. F. Scott, Chairman, Yale University, New Haven, Conn., E. H. 
Flath, D. C. Jackson, C. C. Williams. 
Relations with Engineering Societies: W. R. Woolrich, Chairman, University 
of Texas, Austin, Texas, D. B. Prentice, H. P. Hammond, F. L. Bishop. 
Relations of Divisions to the Society: E. L. Eriksen, Chairman, University 
of Michigan, Ann Arbor, Mich., C. E. Bullinger, 8S. W. wars H, E. 
Dyche, O. W. Eshbach, H. M. McCully, J. H. Rushton. 
Secondary Schools: D. M. "Palmer, Chairman, University of Toledo, Toledo, 
Ohio, A. A. Bennett, L. M. K. Boelter, W. D. Turnbuli. 
Sections and Branches: B. M. Woods, Chairman, University of California, 
Berkeley, Calif., O. V. Adams, P. 8. Biegler, A. R. Carr, L. E. Conrad, 
H. O. Croft, J. W. Harrelson, R. H. Suttie. 
Student Conservation: W. E. Wickenden, Chairman, Case School of Applied 
Science, Cleveland, Ohio, C. J. Freund, W. A. Knapp, A. V. Millar, F. 
L. Wilkinson. 
Representatives of the Society on Various Committees, Boards and Com- 
missions: 
American Standards Association: 
Symbols and Abbreviations: E. J. Streubel, P. J. Kiefer, M. C. 
Stuart. 
Standard Drawings and Drafting Room Practice; Z-14: T. E. 
French. 
Electrical Definitions: E. E. Bennett. 
Symbols for Heat and Thermodynamics: R. C. H. Heck, P. J. 
Kiefer, M. C. Stuart, L. T. Work. 
Standardization of Aeronautical Symbols: Alexander Klemin. 
American Council on Education: F. L. Bishop, D. B. Prentice, W. E. 
Wickenden. 
Engineers’ Council for Professional Development: D. B. Prentice, C. C. 
Williams, R. E. Doherty. 
Charles A. Coffin Fellowships and Research Committee: H. T. Heald. 
National Bureau of Engineering Registrations: Paul Cloke. 
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DIVISIONS OF THE SOCIETY 


Chemical Engineering 


J. C. Exain, Chairman, Princeton University 

J. C. WHITEWELL, Past Chairman, Princeton University 

C. O. Miter, Vice Chairman, Case School of Applied Science 

R. A. Morgen, Vice Chairman, University of Florida 

E. M. ScHOENBORN, Secretary-Treasurer, University of Delaware 
Civil Engineering 

L. 8. Le TELLIER, Chairman, The Citadel 

J. 8. Dopps, Past Chairman, Iowa State College 

H. E. Davis, Secretary, University of California 

D. 8. TrowsBripGE (1945), Editor, New York University 

C. A. MockmorE (1944), Director, Oregon State College 

H. E. Punver (1943), Director, University of Wisconsin 


Coéperative Engineering Education 


R. L. LANGENHEIM, Chairman, University of Tulsa 
W. E. NIGHTINGALE, Secretary, Northeastern University 


Electrical Engineering 


M. 8. Coover, Chairman, Iowa State College 
Mor.ianpd Kina, Vice Chairman, Lafayette College 
A. D. Moore, Secretary, University of Michigan 


Engineering Drawing 

E, FaRNnHAM, Chairman, Tufts College 
. F. Tozer, Secretary, Northeastern University 
W. Frencu, University of Minnesota 

H. Heacock, Princeton University 

M. PuHetps, Rensselaer Polytechnic Institute 

D. THomas, Ohio University 

C. WILLEy, Oregon State College 

R. Worsencrort, Editor, Journal of Engineering Drawing 
N. ARNOLD, Advertising Manager 

A. SmuTz, Circulating Manager 
. E. Street, Editor, T-Square Page 


English 
O. J. Ferauson, Chairman, University of Nebraska 


SS 


SSM Pt OP 


Industrial Engineering 
C. W. Besse, Chairman, Purdue University 
D. B. Porter, Vice Chairman, New York University 
OC. A. Korpxke, Secretary-Treasurer, University of Minnesota 
G. W. BarNwELL, Editor, Stevens Institute of Technology 
H. G. THuESEN, Past Chairman, Oklahoma A. & M. College 
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Mathematics 


L. R. Forp, Chairman, Illinois Instityte of Technology 
J. W. CEL, Secretary, North Carolina State College 
L. L. Smam, Lehigh University 
Mechanical Engineering 
Executive Committee: 
H. O. Crort, Chairman, University of Iowa 
H. JENNINGS, Secretary, Northwestern University 
CARMICHAEL, Editor, 2317 So. Overbrook Rd., Cleveland Heights, Ohio 
W. Wixson, University of Wisconsin 
C. EpauGuH, University of Florida 
E. KYLE, Massachusetts Institute of Technology 
F. GARLAND, University of California 


anzpep 


Heat Power Committee: 
D. W. NEuLson, Chairman, University of Wisconsin 
L. M. K. Boe.rsr, Secretary, University of California 
F. L. Swartz, University of Michigan 


Mechanical Laboratory Committee: 
N. C. Epaueu, Chairman, University of Florida 
N. P. Bay, Secretary, Rutgers University 
F. C. Stewart, Pennsylvania State College 


Manufacturing Processes Committee: 
P. E. KyLz, Chairman, Massachusetts Institute of Technology 
G. B. Carson, Secretary, Case School of Applied Science 
. CrosBy, Cornell University 


Machine Design Committee: 
C. F. GaRLanpD, Chairman, University of California 
D. G. Ryan, Secretary, University of Illinois 


Mechanics 
. DawLEy, Chairman, Kansas State College 
. Laurson (1943), Yale University 
. McGrvern (1943), Gonzaga University 
. Boomsuiter (1944), West Virginia University 
. DraFFIn (1945), University of Illinois 
. Everett (1945), University of Michigan 
SEIBERT FarrMan (1946), Purdue University 
M. O. Witney (1946), University of Wisconsin 


E. 
 f' 
J. 
G. 
J. 
F. 


HOonfan 


Mineral Technology 
J. R. Van Pett, Chairman, 5740 Kimbark Ave., Chicago, Ill. 
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NEW MEMBERS 


CLELAND, SAM M., Instructor in Engineering Drawing, A. & M. College of 
Texas, College Station, Texas. W. E. Street, J. G. McGuire. 

Forp, ALBERT D., Professor and Head, Dept. of Mechanical Engineering, Uni- 
versity of New Mexico, Albuquerque, N. M. M. E. Farris, Wm. Hume. 

Grrr, Roger L., Instructor in Materials Processing, Cornell University, Ithaca, 
N. Y. P. H. Black, L. A. Emerson. 

GILLESPIE, MARSHALL F., Salary Personnel Dept., Goodyear Tire & Rubber Co., 
Akron, Ohio. T. W. Prior, F. L. Bishop. 

Gray, GreorGe H., Transmission Engineer, General Technical Dept., Interna- 
tional Tel. & Tel. Corp., 67 Broad St., New York City. F. L. Bishop, Nell 
McKenry. 

Hoop, ArtHur A., Director of Dealer Relations, Johns-Manville Sales Corp., 
22 E. 40th St., New York City. T. W. Prior, F. L. Bishop. 

MEIXELL, L. Granville H., Engineering Librarian, Columbia University, New 
York City. J. K. Finch, T. T. Read. 

PENDRAY, G. Epwarp, Assistant to President, Westinghouse E. & M. Co., 40 
Wall St., New York City. E. B. Roberts, F. L. Bishop. 

RANSDELL, CLIFFORD H., Instructor in Engineering Drawing, A. & M. College 
of Texas, College Station, Texas. J. G. McGuire, W. E. Street. 

Ray, B. M., Instructor in Electrical Engineering, University of Pittsburgh, 
Pittsburgh, Pa. R. C. Gorham, P. E. Rush. 

RussEuL, Donatp M., Instructor in Mechanical Engineering, Rice Institute, 
Houston, Texas. F. L. Bishop, Nell McKenry. 

SHIGLEY, JOSEPH E., Instructor in Engineering Drawing, Clemson College, 
Clemson, 8. C. S. B. Earle, D. H. Shenk. 

SmirH, Marvin W., Vice President in Charge of Engineering, Westinghouse 
E. & M. Co., Pittsburgh, Pa. E. B. Roberts, F. L. Bishop. 

STarK, LAWRENCE E., Instructor in Engineering Drawing, A. & M. College of 
Texas, College Station, Texas. W. E. Street, J. G. McGuire. 

Wotr, Haroup, Assistant Professor of Electrical Engineering, College of the 
City of New York, New York City. 8S. J. Tracy, Wm. Allan. 


NECROLOGY 
WILLIAM EDWIN FREEMAN 


William Edwin Freeman, professor of electrical engineering 
and assistant dean of engineering, University of Kentucky, Lex- 
ington, died May 21, 1942. He was born at Lexington, Ky., on 
September 25, 1880, and received from Transylvania College the 
degree of bachelor of arts in 1901, and from the University of Ken- 
tucky the degrees of bachelor of mechanical engineering in 1904 
and electrical engineer in 1912. In 1904 he entered the engineer- 
ing department of the Western Electric Company. In 1911 he 
was appointed head of the department of electrical engineering 
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at the University of Kentucky. During 1920-21 he served as 
supervisor of commercial training with the Westinghouse Electric 
and Manufacturing Company, in 1921 returning to the Univer- 
sity of Kentucky as head of the department of electrical engineer- 
ing and acting dean of the college of engineering. In 1922 he was 
appointed assistant dean of the college of engineering, a position 
he held continuously since that time, except for a year (1934) as 
acting dean. 


JAMES H. WEAVER 


_ James H. Weaver, 59, professor of mathematics at The Ohio 
State University, was killed April 7, 1942, when his auto was struck 
by a train near Hilliards, Ohio. He was Secretary of the Mathe- 
matics Division of the S. P. E. E. Professor Weaver was granted 
degrees from Otterbein College, The Ohio State University, and 
the University of Pennsylvania. He began his teaching career 
in a country school in 1900 and came to The Ohio State Univer- 
sity first in 1910 and after studying and teaching elsewhere, again 
in 1917, advancing from instructor to professor of mathematics in 
1926. He had served on the editorial board of the American Mathe- 
matical Monthly and as a trustee of the Mathematical Association 
of America. At the time of his death he was a trustee of Otterbein 
College. 

In his passing the University has lost an inspiring and helpful 
teacher and his students and associates a friend of more than 
common worth. 








COLLEGE NOTES 


The Board of Trustees of Drexel Institute of Technology an- 
nounces the election of George P. Rea of New York City, financier 
and industrialist, as President of the Institute, effective August 
1, sueceeding the late Dr. Parke R. Kolbe. 

Upon recommendation of the Overseers of the School and by 
action of the Trustees of Dartmouth College, the name has been 
changed from ‘‘The Thayer School of Civil Engineering’’ to 
‘‘The Thayer School of Engineering.’’ 


SECTIONS AND BRANCHES 


The Spring Meeting of the Middle Atlantic Section of the 
S. P. E. E. was held at Princeton University on Saturday, May 
9, 1942, with 136 in attendance. 

The morning session was called to order at 11 a.m. by Kenneth 
H. Condit, dean of the School of Engineering, Princeton Univer- 
sity, who introduced President Harold W. Dodds of Princeton 
University who extended the greetings of the University. Presi- 
dent Dodds spoke briefly of the benefit both engineering and arts 
faculties received from their common association on the same 
campus. He said that Princeton was very glad to welcome the 
Meeting of the Middle Atlantic Section and hoped that our day 
spent on their campus would be enjoyable. 

The meeting of the Section was built around the idea of a so- 
ciable gathering of the Section rather than a highly technical meet- 
ing. With this point in view, the ladies were invited to attend all 
the meetings of the Section. 

Following the greetings of President Dodds, Dean Condit in- 
troduced the speaker of the morning as David A. McCabe, Professor 
of Economics, Princeton University. Professor McCabe gave a 
very interesting talk on the general topic of ‘‘The Engineer and 
Labor Problems.’’ He briefly traced the history of the labor 
movement in which the prime cause in back of the movement 
was labor and union security. In the early stages of the develop- 
ment there was usually a discussion between labor and manage- 
ment. The engineer, in general, was the ‘‘in-between’’ repre- 
senting both labor and management. His principal functions 
were to smooth out both the problems of management and labor 
due to his close relation to management and his relative intimate 
contacts with labor. In recent years the feeling is that the engi- 
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neer, in addition to being the ‘‘in-between’’ between management 
and labor, should also represent the public in labor discussions. 
The speaker pointed out that the engineer more than anyone else 
was fitted to do this due to his intimate knowledge of management 
problems, his close relation to labor, and his increasing knowledge 
at the present time of the problems of public relations. 

The speaker went on to discuss the history of strikes, some of 
which were called natural strikes between labor and management 
while others were jurisdictional strikes between various branches 
of labor. He predicted that laws would probably be developed to 
regulate labor organizations, but in his opinion, no legislation was 
possible to prevent labor organizations. 

He discussed rather generally the Wagner Act and the closed 
shop problem. This problem was mainly an argument between 
the majority and minority components of labor and not labor with 
management. However, in general, management chooses to repre- 
sent the minority factions of labor, and in this way is drawn into 
these various discussions. 

At the close of his talk there was considerable discussion on the 
general problem of enforced membership in labor unions, the place 
of the Civil Service members in labor and the possibility of labor 
organizing engineering teachers. 

Professor McCabe’s paper was most enjoyable both to the men 
and women present. All of us benefited greatly by his brief re- 
view of the labor movement and the picture he gave us of present- 
day labor conditions. 

The next order of business for the morning session was the 
business meeting of the Section. The Chairman of the Middle 
Atlantic Section, Dean J. Stanley Morehouse, of Villanova College, 
called for a report from the Secretary and Treasurer of the Sec- 
tion. The Minutes of the last meeting held at the College of the 
City of New York were approved, and the Treasurer reported a 
balance of $62.50 left to the Section’s account. A Committee was 
appointed to determine the time and place of the coming year’s 
meetings of the Section. This Committee, composed of Professor 
Fraim of Brooklyn Polytechnic Institute as Chairman, Professor 
Moser of Villanova and Mr. J. B. O’Farrell of the City College of 
New York, presented the report that the Fall meeting of the Sec- 
tion he held at Cooper Union in New York City on December 5, 
1942 and that the Spring meeting of the Section be held at Haver- 
ford College, Haverford, Pennsylvania, on May 8, 1943. 

Chairman Morehouse appointed the following Nominating Com- 
mittee to select officers for the Section for next year and to report 
at the December 1942 meeting: Chairman, Professor Morland King 
of Lafayette College; Professor C. G. Thatcher of Swarthmore 
College; and Dean Daggett of Rutgers University. 
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The question was raised as to the advisability of holding local 
meetings of the Section during the War period. It was the feel- 
ing of the meeting that local meetings of the S. P. E. E. were ex- 
tremely important during this time and that every effort should 
be made to hold meetings of local Sections. It was suggested that, 
if possible, the various local Sections throughout the country meet 
and discuss any general subjects prescribed by the national So- 
ciety and report their decisions back to the national Society. It 
is felt that in this way the activities of the S. P. E. E. could be 
carried on in the event that it was deemed desirable to curtail the 
national meetings of the Society. 

The afternoon session convened at 2:45 in the Frick Chemical 
Laboratory. Dean Condit of Princeton University again presided 
and introduced Hurbert N. Alyea, Assistant Professor of Chem- 
istry, Princeton University. Professor Alyea gave a most inter- 
esting talk and demonstration on what he called ‘‘Strategic Mole- 


cules.’’ In the course of a two-hour period the Section was treated , 


to a complete course in chemistry of the carbon atom. He traced 
some of the uses of carbon in the production of war materials both 
in the fields of explosives and rubber and many other synthetic 
materials. His discussion and demonstrations were most ener- 
getic. In addition to being an excellent lecturer Professor Alyea 
is an expert in the art of demonstration. He seemed to fly from 
one end of the lecture table to the other, and there was a continu- 
ous roar of explosions, flames and various other things associated 
with a chemical demonstration. The Section agreed that never 
before had they been presented with so much in the course of a 
two-hour period and at the same time were able to absorb so much 
of this complicated subject we call Chemistry. 

The afternoon session adjourned at 4:30 and the meeting broke 
up into an inspection of the laboratories and a tour of the campus. 
Various activities were available to the. gathering, including or- 
gan and choral music at the University Chapel given under the 
direction of the Camden, New Jersey, Chapter of the American 
Guild of Organists. 

At 5 p.m. we met at Princeton Inn for a social period in which 
we enjoyed a recital on the Cleveland Tower Carillon. A buffet 
supper was served at 6 p.m. at the Princeton Inn. At the close of 
the supper Chairman Morehouse of the Section expressed the 
thanks of the group to Princeton University for their excellent 
hospitality. In particular he expressed our thanks to the Com- 
mittee on Arrangements headed by Professor R. H. Wilhelm of 
the Engineering Faculty of Princeton. 

Respectfully submitted, 
Frank D. Carvin, 
Secretary. 
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BUILDING MAINTENANCE 


By ARTHUR M. HILL 


Associate Professor of Heat Engineering, Tulane University 


Recently a film was presented on special painting schemes for 
factory walls and machines. As a result of improved conditions, 
production was increased, morale was better. Many educators 
apparently give little thought to classroom surroundings. Tradi- 
tion should not be bound up with dinginess and lack of main- 
tenance. 

If cheerful colors on walls and machines improve production 
and lift the worker’s spirits, why would not the same reaction 
apply to students? I believe that it does. 

Some years ago a design course was taken over, and among 
other things inherited was a number of desks some twenty years 
old. The once clear varnish had darkened to an unattractive 
brown. With dark green tops and light brown legs and sides the 
desks were greatly improved. 

One of the important problems in teaching engineering stu- 
dents is to instil professional attitude. A recent article * in the 
JOURNAL discussed this subject. But what about surroundings? 
Surely class rooms and laboratories depressingly maintained do not 
represent conditions most prevalent in progressive industry in 
which the graduate will come in contact. 

The question of visitors’ impressions is an important one. Par- 
ents visiting a university before or after enrolling their sons or 
daughters cannot help being much influenced by the conditions 
they see in class rooms and laboratories. 

I believe that pleasing surroundings pay dividends for faculty, 
students and friends of the university. Thought and planning by 
those in charge of rooms and equipment can work wonders in their 
appearance. 

**<The Engineering Profession and the Student,’’ C. F. Scott, JouRNAL 
for March, 1942. 











HISTORY OF INSTRUCTION IN HEAT POWER IN THE 
UNITED STATES 


By ARTHUR M. GREENE, JR. 


Princeton University 


This study begins with the year 1824 which is the date of the 
publication of that epoch making memoir of Sadi Carnot ‘‘ Reflec- 
tion on the Motive Power of Heat,’’ and also the date of the found- 
ing of the first private school of engineering in the English Speak- 
ing World, The Rensselaer School, as well as that of the founding 
of the Franklin Institute of the State of Pennsylvania. 

I have consulted a number of early texts, scientific journals 
and catalogues of colleges which are filed in the Library of Prince- 
ton University and I have received aid from all but one of the 
twenty faculty representatives of departments of engineering from 
different parts of our country to whom I wrote regarding this sub- 
ject and also from representatives of publishers of engineering 
textbooks. I wish to acknowledge my indebtedness to these sources 
of information and I thank the persons who have aided me. [ list 
the institutions from which I have used information at the end of 
this paper together with the dates of their founding. 

Before 1824 the engine of Watt and his contemporaries had 
extended throughout Europe and into America. The compound 
engine had been developed by Hornblower, 1781, Sadler in 1798, 
and Woolf in 1804. The surface condenser was patented by Cart- 
wight in 1797. Oliver Evans proposed pressures of 8 to 10 at- 
mospheres in his ‘‘Steam Engineers Guide’’ of 1795, and Perkins 
proposed pressures of 1,000 to 2,000 pounds per square inch in 
1822. A patent on super-heated steam had been granted to Joseph 
Hately in 1768. Books had been written regarding the steam en- 
gine but most of them were empirical and descriptive. Some of 
the properties of steam had been determined by Watt and the 
early gas laws were known. Fourier had written his ‘‘Théorie 
Analytique de la Chaleur’’ in 1822. 

Carnot stated in the early part of his memoir that ‘‘the study 
of the steam engine is of the highest interest owing to its impor- 
tance, its constantly increasing use and the great changes it is 
destined to make in the civilized world. It has already developed 
mines, propelled ships, and dredged rivers and harbors. It forges 
iron, saws wood, transports the heaviest loads. In the future it 
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will most probably be the universal motor, and will furnish the 
power now obtained from animals, from water falls and from 
air currents.’’ He proceeds to give honor to England for the 
development and improvement of this device and then states that, 
in spite of the labor devoted to this and its perfection of that day, 
the theory of its action is little advanced and the attempts to bet- 
ter the state of affairs have been directed almost at random. Ac- 
tions within the steam engine are discussed and it is pointed out 
that there is a reéstablishment of equilibrium after the addition 
and removal of caloric, that is, the action is performed in a cycle. 
The cycle is shown to include a source of heat of fixed tempera- 
ture; a medium within an envelope which receives caloric from 
the source after which its volume is increased and its temperature 
decreased to the lower constant temperature of a refrigerator with- 
out any addition or withdrawal of caloric followed by the with- 
drawal of caloric by the refrigerator. After this step compression 
occurs to the initial temperature without change in caloric. Carnot 
states that this cycle can occur in a reversed manner. In direct 
action motive power is produced by a transfer of caloric and in the 
reversed cycle caloric is transferred by an expenditure of motive 
power. It is shown that this cycle with steam will give the maxi- 
mum amount of motive power which can be obtained by any other 
means. Then follows the statement that to obtain maximum mo- 
tive power no temperature change of the medium occurs which is 
not due to change of its volume and that this motive power is in- 
dependent of the medium employed to develop it and depends only 
on the two temperatures. ge 

The early teaching of subjects relating to heat power is mostly 
found in our schools of civil engineering, using this title to dis- 
tinguish engineering for the public from military engineering. 
In the case of the University of Pennsylvania, however, the cata- 
logue of 1830 lists courses in natural philosophy and chemistry for 
sophomores and in mechanics of machines and the steam engine 
with chemistry for juniors. These subjects were for arts students 
and the inclusion of the steam engine and machines is probably 
due to the fact that Alexander Dallas Bache, Professor of Natural 
Philosophy and Chemistry, was interested in the work of the 
Franklin Institute. In 1832 he used Lardner’s book on the Steam 
Engine. The first American edition of this book by the Rev. 
Dionysius Lardner was published in 1828, with additions and 
notes by James Renwick, Professor of Natural Experimental Phi- 
losophy and Chemistry at Columbia College. These notes were 
also added to the American edition of 1836 which was made from 
the fifth London edition. In 1845 Professor John Frazer of the 
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University of Pennsylvania gave steam engines and heat to the 
arts students. 

The Rensselaer School was organized in 1824 and in an early 
statement of 1826 mention is made of the study of the machinery 
of steam boats, mills and factories. In another, dated September 
14, 1826, the course of one year included among the so-called after- 
noon ‘‘amusements’’ of the third division, the making and using 
of a set of mechanical powers; of the fourth division, the disen- 
gaging of combined caloric by compression and affinity; of the 
fifth division, the construction and use of the air thermometer. 
The school used a unique method of instruction in that these ‘‘scho- 
lastic amusements’’ (experiments and observations) of the after- 
noon became the sources of the extemporaneous student disserta- 
tions and lectures of the morning. 

The teaching of the theory of the steam engine is mentioned 
in 1834 in the course for civil engineers. This is the first use of 
that title in any American college of which I have information. 
It was offered by the Rensselaer Institute (new name) in addition 
to the course in the natural sciences. 

When this first course in civil engineering was offered the fac- 
ulty consisted of Amos Eaton, Senior Professor and Professor of 
Civil Engineering; Ebenezer Emmons, Junior Professor; James 
Hall, Professor of Chemistry and Physiology ; and Messrs. Edward 
Suffern and D. S. Smalley, assistants. 

The course covered forty weeks and in the summer term of 
twenty-four weeks the students of the Engineering Corps were 
given instruction for eight weeks in surveying and meteorology; 
eight weeks in structures and construction; four weeks in hydraul- 
ies, and four weeks in steam and its applications, wind and electro- 
magnetism with inspections of the principal mills, factories and 
other machinery or works which came within the province of the 
mathematical arts. Geology was also ineluded in this period. Al- 
though well prepared students required the forty weeks mentioned, 
college graduates might secure the degree of C.E. or B.N.S. by 
close application during the twenty-four week summer term. 

In 1846 B. Franklin Greene was appointed senior professor 
and under his direction the course was lengthened to three years 
in 1849 and in 1851 the name appeared as The Rensselaer Poly- 
technic Institute. The curriculum of the course in civil engineer- 
ing of 1854 included industrial physies (practical hydraulics and 
practical thermotics), theory of machines and prime movers. 

A complete statement of the heat power subjects has been fur- 
nished me from the catalogue of 1855. 
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The first year men (Division C). General physics on molecu- 
lar forces and thermotics. Thermoties covered radiant heat and 
conduction, effects of heat (expansion of solids, thermometry and 
change of state) and specific heat. 

For third year men (Division A): first, Practical Mechanics: 
Resisting forces in solids; thermo-mechanics: practical hydraulics 
and resistance of media; second, Machines: theory of machines, 
prime movers, mining machinery; third, Industrial Physics: prac- 
tical thermotics. 

These heat power subjects of the senior class (Division A) cov- 
ered the topics which follow: 


THERMO-MECHANICS 


A. Thermo Statics: 

Volume and Density of a Body.—Inductions of physicists, law of Gay 
Lussac, modifications of Rudberg, Regnault, and others. Volume and den- 
sity of a gaseous fluid considered as a function of pressure and tempera- 
ture. Theory of specific gravity; unit of specific gravity; specific gravity 
of a solid body; specifie gravity of a fluid; Fluidometry: Theory; Instru- 
ments, use; Tables of specific gravity. 

Indication of Pressure of Fluids—The barometer; the mercurical 
barometer; its construction, syphon and cistern forms; correction of read- 
ings; the aneroid barometer; the manometer; theory and construction of 
pressure and vacuum gages; valve indicators; practical manometry. 

The Atmosphere.—Free surface of equilibrium; height of homogeneous 
atmosphere; pressure and density of atmosphere at any place. Tension 
of aqueous vapor in the atmosphere at any time and place. Barometric 
formula of LaPlace—modification of Ramond. Method of observing data 
for the determination of heights. Construction of barometric tables. 


B. Thermodynamics: 

Molecular Action of Heat.—Differential equation in a function of 
pressure and density of the quantity of heat contained in a gaseous fluid; 
formulas of LaPlace and Poisson—Correction of constants—Regnault, 
Joule and Rankine; the work of compressing or expanding a gaseous 
fluid; temperature considered constant; the work of the unit of heat in a 
gaseous fluid. 

Motion of Gases.—Actual discharge of gases through orifices and short 
tubes; coefficients of discharge for different gases; influence of tempera- 
ture on the gaseous fluid in affecting the discharge; actual discharge of 
gases through pipes; motion of gases in ascending flues or chimnies; air 
blowers-piston blowers, fan blowers; anemometers; measure of the veloc- 
ity of a current of air; anemometer of M. Combe; Practical formulas and 
tables. 

INDUSTRIAL PHysIcs 


1. Practical Thermotics: 
A. Combustion.—Fuels employed in heating; calorific power of fuels; 
quantity of heat developed in combustion of a given fuel; amount of calo- 
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rific power. Comparative power of different fuels; volume of air neces- 
sary to burn a unit of weight of any fuel; the products of combustion; 
volume and proportions of gaseous products; preparation of fuels; rela- 
tive economic value. 

B. Furnaces.—Modes of construction of furnaces for wood, bitumi- 
nous coal and anthracite, smoke-consuming furnaces, self-feeding fur- 
naces; gas furnaces; construction of air draughts to furnaces; chimnies— 
proportion and arrangements; influence of the state of the atmosphere 
on the draught of chimnies; remedial arrangements; application of blow- 
ers to air-draughts of furnaces. 

C. Vaporization—Evaporation of water; elastic force and tempera- 
ture of aqueous vapor or steam; formulas; and tables; relative volume of 
aqueous vapor as a function of pressure; formulas of Navier and Pam- 
bour; conservation of maximum density of aqueous vapor; Watt’s Law 
of the latent and sensible heats of aqueous vapor; density of aqueous 
vapor; mixtures of air and aqueous vapor; relative density and tension. 

D. Boilers——Principle of combustion—steam and water room; evapo- 
rating surfaces; simple, flue, tubular and compound boiler—forms and 
proportions—construction of steam passages—strength of boilers, setting 
of boilers; indications of the condition of boiler; estimate of steam gen- 
erating capacity of a boiler; management of boilers. 

2. Warming and Ventilation: 

A. Heating of Bodies: by air, steam, hot water, liquids. 

B. Cooling of Bodies: laws of Newton; Pettit & Dulong; Péclet. 

C. Warming and Ventilating of Houses. 

D. Protection Against Lightning. 


MACHINES 
1. Theory of Machines: 
A. General Theory. 
B. Special Machines. 
2. Prime Movers: 

A. Animal Motors. 

B. Hydraulic Motors. 

C. Steam Motors.—Velocity of the piston in a steam cylinder; con- 
sidered as a function of the evaporation and load of the en- 
gine; the work of a steam engine—conditions of maximum 
work, as a function of the velocity and expansion; classifica- 
tion of steam engines; determination of constants in a steam 
engine; practical formulas. 


The books used in these subjects were the notes on the theory 
of machines and on prime movers by Director Greene, Weisbach’s, 
‘‘Mechanies of Machinery’’; Guyonneau de Pambour’s, ‘‘Theory 
of the Steam Engine’’; Péclet’s, ‘‘Traite de la Chaleur, Con- 
sidéreé dans ses Applications’’; Reid’s, ‘‘Warming and Ventila- 
tion,’’ and Armstrong’s, ‘‘ Boilers.’’ 

I have given these full statements to indicate the complete na- 
ture of this instruction for civil engineers of Rensselaer in 1855 
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and to indicate reasons for the courses developed by those teachers 
of civil engineering who had been trained there. 

The text on the ‘‘Theory of the Steam Engine’’ i Count 
Guyonneau de Pambour appeared in 1839 following his ‘‘ Treatise 
on Locomotive Engines’’ in 1835. The earlier book was based on 
his experience on the British railroads. In this he indicated the 
incorrect empirical constants for design as given in Thomas Thred- 
gold’s ‘‘Practical Treatise of Railroads and Carriages’’ of 1825, 
and in Nicholas Wood’s ‘‘Practical Treatise on Railways’’ of 
1824. In the new theory of the steam engine he used the results 
of the investigations which Arago and Dulong had made for the 
Academy of Science on the pt relation of saturated steam (Vol. 
X, Memoires de l’Academe des Sciences) and the laws of Boyle 
and Gay Lussac to derive a formula for the specific volume of 
saturated steam. He then discussed the total heat of saturated 
steam (enthalpy of today) and accepted Watt’s assumption that 
this was constant for all pressures. He pointed out that this would 
mean that the heat of vaporization decreases with temperature 
inerease so that at 1,140° F. there would be zero latent heat and 
the density of water and its steam would be the same and also that 
no calorie would be required to vaporize the water. After this he 
discussed the use of steam in the engine and replaced the em- 
piricism ef the earlier texts by a rational theory which, although 
incorrect because of the lack of scientific data, is to be admired 
because of the straight forward methods. 

An act of the Legislature of the State of Michigan in 1837 es- 
tablished a Professorship of Civil Engineeering attached to the 
Department of Literature, Science and the Arts of the University 
but it was not filled until 1855 in the Department of Physics. 
The first civil degrees were granted in 1860. The civil engineering 
course under DeVolson Wood, C.E. Rensselaer 1857, included lee- 
tures on mechanical engineering subjects to seniors and juniors. 
These subjects covered the steam engine, designing of machinery, 
pattern making, moulding and shop work. I have been informed 
that later these civil engineers under Wood used Rankine’s ‘‘Steam 
Engine’’ as a text. 

At Brown University chemistry was required for two-thirds 
of a year in 1847 and in 1850, W. A. Norton was appointed Pro- 
fessor of Natural Philosophy and Civil Engineering. The civil 
engineering course covered one and one-half years and included 
the theory of the steam engine. 

The early catalogues of Yale University indicate that the sci- 
ences were not included in the A.B. curriculum, but in 1835-36 
two terms of Olmstead’s ‘‘Natural Philosophy’’ were required of 
juniors and in 1845-46 this included mechanics, hydraulics and 
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hydrostatics. In 1847 Joseph E. Sheffield donated a building and 
endowed for courses in philosophy and science. In 1852-53 the 
subject of the Application of Mechanics to Machinery and Engi- 
neering was given by W. A. Norton, Professor of Civil Engineer- 
ing, upon his appointment to that chair after work at Brown. 
The curriculum of the School of Engineering covered two years of 
study. 

The foundation became the Sheffield Scientific School in 1861 
and in the year 1860-61, Chester A. Lyman gave a course in the 
construction, theory and application of the steam engine. There 
were also lectures to advanced students on the construction and 
applications of the steam engine, turbine (hydraulic) and other 
motors. Thermodynamics is mentioned for the first time in 1865-— 
66. With this was included the theory of the steam engine and 
prime movers. 

In 1855-56 the Department of Mines, Arts and Manufactures 
was inaugurated at the University of Pennsylvania with Furman 
Rogers as Professor of Civil Engineering and Surveying and 
John Frazer as Professor of Natural Philosophy in the new de- 
partment continuing his lectures on steam engines and heat until 
1865. In 1864 the word ‘‘Agriculture’’ was added to the name 
of the department and in 1867 mechanics as applied to mechanical 
engineeering was required of seniors in the engineering course. 

Civil Engineering was established at the University of Missouri 
in 1856 as a department and a School of Civil Engineering was 
established in 1859. I have found no reference to heat power 
during these early days. 

Before the year 1865 the subject of heat and heat engineering 
was on a firm footing as a result of numerous investigations, papers 
and texts. The experiments of Regnault to determine the principal 
laws and numerical data which enter into calculations of steam 
engines utilized practically all of volume 21 of Memoirs of the 
Academy of Sciences of the Institute of France of 1847, and these 
were extracted in the Journal of the Franklin Institute during 
the years 1848 and 1849. They were made for the Institute of 
France to extend the earlier work of Arago and Dulong. In May 
1842, Mayer announced his experiments on the increase of water 
temperature by agitation and in August 1843, Joule announced 
to the British Association that ‘‘one degree of heat per pound 
of water form a mechanical force capable of raising 770 pounds 
to the height of one foot.’’ Clausius' published his paper ‘‘On 
the Motive Power of Heat and on the Laws which can be deduced 
from it for the Theory of Heat’’ in Poggendorff’s Annalen in 1850. 
William Thomson (Lord Kelvin) presented his paper ‘‘On the 
Dynamical Theory of Heat, with Numerical Results Deduced from 














HISTORY OF INSTRUCTION IN HEAT POWER 119 


Mr. Joule’s Equivalent of a Thermal Unit and M. Regnault’s Ob- 
servation on Steam.’’ This was published in the Transactions of 
the Royal Society of Edinburgh in March 1851. In 1859 W. J. 
M. Rankine, Regius Professor of Civil Engineering and Mechanics 
in the University of Glasgow, published his ‘‘Manual of the Steam 
Engine and Other Prime Movers.’’ Chapter three of the third 
part of this book is claimed by the author to be the first systematic 
treatise on the science of thermodynamics, ‘‘the only previous 
sources of information regarding it being detached memoirs in 
the transactions of learned societies and in scientific journals.’’ 
Zeuner’s ‘‘Mechanical Theory of Heat’’ appeared also in 1859. 
Weisbach’s ‘‘Principles of Mechanics of Machinery’’ appeared in 
1848, with the first American edition in 1849. In the latter year 
an American edition of the last London edition of ‘‘A Catechism 
of the Steam Engine’’ by John Bourne was published by D. 
Appleton and Co. 

In the decade 1850-60 superheated steam was applied to en- 
gines. In 1857 Hirn showed that there was a saving of 20 to 27 
per cent in the use of 410° to 490° F. with steam at 55 pounds 
per square inch. Isherwood made his experiments on the U.S.S. 
Eutaw in 1863-64. From 1843 to 1855 the influence of the cyl- 
inder walls on the performance of steam engines was discussed, 
and in 1850-51, there was issued at Lyons a ‘‘ Manual of the Opera- 
tion of Machines with Binary Vapors on the du Trembly System.’’ 
Sir Humphrey Davy, however, had pointed out much earlier the 
possibility of the use of a liquid of low boiling temperature as an 
expedient for obtaining power from heat in the water from con- 
densers, and ether was suggested by Ainger in 1830. George H. 
Corliss developed his engine in 1846. In 1860 Charles T. Porter 
produced his high speed steam engine and Lenoir had developed 
the first successful gas engine. In 1866 Otto and Langen patented 
their gas engines with the free moving up stroke piston. 

In the quarter century from 1865 to 1890, mechanical engi- 
neering was recognized as a branch of general civil engineering 
by the establishment of courses, the first of them at the Massa- 
chusetts Institute of Technology in 1865, and by the organization 
of The American Society of Mechanical Engineers in 1880. At 
the Institute the courses outlined for the third and fourth years 
included thermodynamics; estimation of the useful effect of ma- 
chines; power and strength of boilers; steam engines, stationary, 
locomotive and marine; air and gas engines. In 1875-76 mechani- 
eal laboratory appears as required in the junior and senior year. 
In the catalogue of 1885-86, six engineering curricula are recog- 
nized. In this catalogue, valve gears, thermodynamics, and steam 
engines were given for nine hours per week for the first term of 
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the junior year with lectures, recitations, drawing and labora- 
tory work in steam engineering for eleven hours in the second 
term. This was continued in class for five hours per week through- 
out the senior year with four hours per week in the mechanical 
laboratory. Marine engineering, locomotive construction, and mill 
engineering appear as options. 

During this quarter of a century, the civil engineers at the 
Rensselaer Polytechnic Institute received instruction in the con- 
struction, location, theory and efficiency of machines; the theory 
and construction of prime movers; the design and estimates for 
special machines and the chemistry of materials of heating and 
illumination. The texts used at various times were Rankine’s 
‘‘Manual of the Steam Engine,’’ Maxwell’s ‘‘Theory of Heat,’’ 
DeVolson Wood’s ‘‘Thermodynamics, Heat Motors, and Refrig- 
erating Machines,’’ as well as notes by Professor F. P. Whitman 
and by Director D. M. Greene. 

Scientific courses were announced at the University of Penn- 
sylvania in 1870 and in 1872 there were departments of analytic 
and applied chemistry; geology and mining; civil engineering 
and mechanical engineering. In the senior year under the sub- 
ject of machinery there were listed, steam and its properties ; steam 
engines; air and gas engines. In 1875 this became the Towne 
Scientific School and in the catalogue of 1877, under the depart- 
ment of dynamical engineering, thermodynamics appears for the 
first time as a separate course. It covered the subject of fuels, 
boilers, heat and stationary, locomotives and marine steam en- 
gines, with lectures on the proper proportions of their various 
parts. In 1886 mention is made of the special laboratory for 
measurements in thermodynamics, electrodynamics, and hydro- 
dynamics. In 1890 the juniors were given steam engines; the 
seniors, steam engine and steam boiler design ; and the post seniors, 
marine engineering, thermodynamics and thermodynamic labora- 
tory. 

The chair of mechanical engineering at the University of Michi- 
gan was announced in 1881, and Mortimer E. Cooley was appointed 
to this professorship. In 1885, machine dynamics and thermo- 
dynamics were given for two hours to seniors who also received 
four hours per week in the steam engineering laboratory. Dean 
Cooley gave courses in gas engines and in heating and ventilating 
in these early years. 

In 1865-66 thermodynamics is mentioned for the first time in 
the catalogue at Yale University with the theory of the steam engine 
and prime movers. Mechanical engineering appears in the cata- 
logue of 1874~75 as a separate two-year course and seniors for the 
next year were given Rankine’s ‘‘Steam Engine,’’ valve gears, 





Se aS Tl CU 


So kee Fe 








HISTORY OF INSTRUCTION IN HEAT POWER 121 


machine mill work, theory of machines, heat, combustion, fuel, 
transfer and prime movers in general. In 1885-86, the juniors 
studied the steam engine while the seniors received thermodynamics 
and a study of steam engines and boilers. 

Although Columbia does not mention the teaching of heat in 
its first catalogue of 1848, I believe there must have been some 
work in the earlier years as James Renwick, Professor of Natural 
Experimental Philosophy and Chemistry, added notes and other 
matter to the American editions of ‘‘The Steam Engine’’ by the 
Rev. Dionysius Lardner in 1828 and 1836. There is a statement 
in the catalogue of 1860-61 that heat is included in the work of 
the department of mechanics and physics. The first mention of 
courses on heat as a subject is made in 1878 in the catalogue of 
the School of Mines. This was for the first year in civil engi- 
neering and mining engineering as physics: doctrines of heat, 
viz. expansion, conduction, radiation, thermometry, pyrometry, 
latent heat, tension of vapors, steam. For the fourth year the 
subjects were: dynamics of machinery, properties and laws of 
heat as applied to the generation of steam in boilers, properties of 
steam and air in their relation to prime movers; mechanical theory 
of heat applied to steam engines, hot air engines, compressed air 
engines, general description of heat engines of various forms. 
Under mechanical engineering were included steam boilers, com- 
bustion, wear and tear, fittings, setting, testing, care and manage- 
ment, firing, feeding, injectors, pumps, management of engine, 
testing efficiency of engines and boilers, and the construction and 
management of hot air, gas and petroleum engines. 

Cornell University offered steam engineering for four hours 
during one-third of the junior year in 1873-74, and this was in- 
creased in 1883 to six hours for seniors with three hours in addi- 
tion on indicators, governors, pumps and injectors. 

Princeton University organized its Civil Engineering Depart- 
ment in 1875, and until the inauguration of the School of Engi- 
neering in 1921, the theory of the steam engine and air engine 
was required for all seniors. Rankine’s ‘‘Steam Engines’’ was 
used as a text for part of the time, and in 1885-86 heating and 
ventilating as well as work in the mechanical engineering labora- 
tory were required. 

Purdue University offered engineering in 1874 and in 1882-83 
thermodynamics was required for three terms from senior mechan- 
icals. In the next year there were lectures on steam engines for 
sophomores and lectures on prime movers daily for four weeks for 
seniors. In 1885-86, thermodynamics was given for three hours 
for two-thirds of the senior year and steam boilers for two hours 
in the first term of the junior year. Measurement of power re- 
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quired one hour per week for two terms of the senior year, while 
steam engine design was given for six hours per week in the first 
term of this year. Railroad engineering was given for one hour 
second term and for two hours third term of this year. The steam 
engineering laboratory averaged seven hours throughout the senior 
year. 

At Wisconsin in 1885-6, thermodynamics and steam engines 
were required of juniors and the steam engine was continued into 
the senior year. At Illinois, in 1884, prime movers were covered 
in the senior year with some laboratory work and the design of 
the steam engine. At Missouri, there was a course in the steam 
engine at this time. 

During this quarter century, 1865-1890, there were no heat 
power courses at Harvard and there were no mechanical engineer- 
ing courses at Brown, Tulane, Iowa, Washington, Colorado, Georgia 
and Oklahoma. 

From 1890 there was a definite increase in the number of the 
heat power courses and there were many good American and Brit- 
ish texts. On the shelves of my library I find the following of 
that day: on thermodynamics—‘‘Thermodynamics of the Steam 
Engine,’’ C. H. Peabody, 1889; ‘‘Thermodynamics, Heat Motors, 
and Refrigerating Machines,’’ DeVolson Wood, 1888; ‘‘The Prin- 
ciples of Thermodynamiecs,’’ R. Roentgen, translated by A. J. du 
Bois, 1880; on heating and ventilation, ‘‘Baldwin on Heating,’’ 
W. J. Baldwin, 1878, 15th Ed. 1900; on steam: ‘‘Tables of the 
Properties of Steam and Other Vapors,’’ C. H. Peabody, 1888; 
on boilers and boiler design: ‘‘A Treatise on Steam Boilers,’’ R. 
Wilson, 1873, American Edition by Flather, 1888; ‘‘A Manual 
of Steam Boilers,’’ R. H. Thurston, 1888; on steam engine de- 
sign: ‘‘The Relative Proportions of the Steam Engine,’’ W. D. 
Marks, 1878; ‘‘Elements of Machine Design,’’ W. C. Unwin, 1877, 
1st revision 1890; ‘‘The Steam Engine,’’ G. C. V. Holmes, 1886; 
‘*Valve Gears,’’ H. W. Spangler, 1890; ‘‘A Manual of Marine 
Engineering,’’ A. E. Seaton, 1883; ‘‘The Marine Steam Engine,’’ 
R. Sennett, 1882. There were also available the following, pub- 
lished by John Wiley & Sons: ‘‘The Gas Engine,’’ Dugal Clerk, 
1886; ‘‘Locomotive Engine Running and Management,’’ Angus 
Sinclair, 1885; ‘‘Indicator Practice and Steam Engine Economy,’’ 
F. P. Hemingway, 1886; ‘‘Stationary Steam Engines,’ R. H. 
Thurston, 1884; ‘‘Heat, Steam and Steam Engines,’’ P. J. Weis- 
bach, translated by A. J. du Bois, 1878; ‘‘Steam Engine Design,’’ 
F. M. Whitham, 1889; ‘‘Constructive Steam Engineering,’’ F. 
M. Whitham, 1890. VanNostrand published ‘‘ Practical Applica- 
tion of the Slide Valve and Link Motion,’’ W. 8. Auchincloss in 


1869, 





ee ee | Gee. bee ee fk CO 


= == wo 


al 











HISTORY OF INSTRUCTION IN HEAT POWER 123 


I have collected data from the middle of each decade following 
1890 to show the developments in the heat power instruction and 
summarize the information furnished me. 

In 1895, two years after the foundation of S. P. E. E., heating 
and ventilation is found in a number of curricula in place of the 
one for civil engineers at Princeton in 1885. Valve gears is listed 
as a-course or as part of the course in steam engine design at 
many institutions. Mill engineering and marine engineering are 
listed at two institutions. Columbia University is the first to list 
a course in the engineering of power plants in this year. Loco- 
motive engineering is listed at only one of the institutions stud- 
ied. Optional courses were offered at the Massachusetts Institute 
of Technology in 1885 and this practice has been followed through- 
out the years. At this time laboratory work in heat power was 
confined largely to steam engines and boilers. Carpenter’s ‘‘Ex- 
perimental Engineering,’’ 1892, was used as a text or reference 
book. Some design courses and laboratory courses preceded the 
work in thermodynamics which was given in the senior year. The 
number of heat power courses of this period vary from two at some 
institutions to eight at others and the term hour credits varied 
from six hours to forty-one hours. 

It was at this time that the temperature entropy diagram was 
recognized as a valuable aid in studying the performance of heat 
engines. Mr. J. Macfarlane Gray presented a paper before the 
British Institution of Mechanical Engineers in July 1889 in which 
he described the Theta Phi diagram, as he called it, and which 
he had used since 1879. In his discussion of the paper he refers 
to the originator of the diagram as J. Willard Gibbs, as given in 
Volume II (1873) of the Transactions of the Academy of Science 
of Connecticut, and he states that Clerk Maxwell also mentions 
these codrdinates in his ‘‘Theory of Heat’’ of 1870. Captain H. 
Rial Sankey prepared a temperature entropy or theta phi chart 
for water and steam in British units in 1896 at London, and Pro- 
fessor Sidney A. Reeve of the Worcester Polytechnic Institute pub- 
lished his booklet and temperature entropy chart in 1897. Reeve 
modified the diagram of Professor Boulvin of Ghent as it appeared 
in Engineering (London) for January 3, 1896. 

Before the year 1905-06, the steam turbine of the eighteen 
nineties had become a commercial success and the curricula of this 
mid-decade year lists separate courses in steam turbines at a num- 
ber of institutions. Stodola’s ‘‘Steam Turbines’’ of 1903 was 
translated by Loewenstein in 1905. The gas engine and gas en- 
gine laboratory, refrigeration, compressed air, power plants and 
processes are found at various places. Columbia lists the transfer 
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of heat and Missouri, pumping machinery. Railway engineering 
appears as an option. 

In this year the course in thermodynamics is found in the junior 
year at most institutions. The number of heat power courses vary 
from three to fourteen although some of these latter were options. 
At this time a few of the courses were called electives for the first 
time. The total term hours for all heat power courses varied from 
eleven and one-half to sixty-one hours. 

One of the outstanding books of this period was ‘‘Steam Power 
Plants,’’ Henry C. Meyer, Jr., 1905, and this was followed in 
1908 by the more extensive book by G. F. Gebhardt, ‘‘Steam Power 
Plant Engineering. ”’ 

In the middle of the second decade of this century there were 
from four to twenty-three courses in heat power listed in the col- 
leges examined and these were credited with from ten to fifty-eight 
term hours. A number of these are called optional courses. The 
new subjects noted are automobile and motor car construction, 
automobile and gas engine design, farm motors and technical 
thermodynamics. Although the Diesel engine was being intro- 
duced throughout the world there were no special courses devoted 
to the design of that engine. Heat transfer was being emphasized 
at this time. This subject covered a large part of the chapter on 
heat and matter in ‘‘Engineering Thermodynamics’’ by C. E. 
Lucke, 1912; Chapter XII of ‘‘Heat Engines,’’ by W. Inchley, 
1913, and all of Chapter II of ‘‘Heat Engineering,’’ by A. M. 
Greene, Jr., 1915. In October 1909 Professor W. E. Dalby pre- 
sented to the Institute of Mechanical Engineers of Great Britain 
a paper on ‘‘Heat Transmission’’ in which he gave a list of 406 
references to this subject from the time of Newton (1690), through 
Fourier of 1822, Stanton of 1897, Hausbrand’s text on ‘‘Evapo- 
ration, Condensation and Cooling’’ of 1904, and later papers. The 
modern methods of dimensional analysis were now being employed 
by Nusselt and others. 

In the catalogues of 1925-26, heat transfer laboratory courses 
are listed although experiments in this subject are reported from 
the previous decade, especially in laboratories of chemical engi- 
neering. The new subjects of truck engineering, automobile test- 
ing, equipment of buildings, locomotives and air brakes, fuel lab- 
oratory, and centrifugal machinery are found in the catalogues 
of this year. The number of heat power courses listed vary from 
four to twenty-six, requiring from eleven to seventy term hours. 

The last period examined, 1935-36, contains courses in air con- 
ditioning, air craft power plants, transportation and storage of 
foods, and Diesel engines. Advanced thermodynamics and heat 
transfer laboratory are continued to be stressed. The Diesel engine 
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is separately mentioned for the first time although in the earlier 
courses on internal combustion engines, the design of this prime 
mover was included. The number of courses now vary from seven 
to thirty-one requiring from eighteen to eighty-four term hours. 
Of course the larger number of courses would narrow the training 
of the students so that when many courses are listed in a catalogue 
a number of them are optional or elective courses. 

This study indicates that our colleges have not only endeavored 
to train students in basic subjects but also when the profession 
required some specialized training before graduation, this require- 
ment has been fulfilled by courses in some particular subject. As 
the activities of the mechanical engineer have changed with the 
years much that was special becomes basic. 

It has been most interesting to one who has been associated 
with education in the field of heat power for a half century to 
review the early developments and the changes which have taken 
place in teaching the subject of heat power since 1890. It is also 
a pleasure to feel that he has had a small part in making some of 
these changes. It is his hope that this study may be of the same 
interest to the younger men who may not know of the training of 
those who had graduated at the time of the establishment of the 
Society for the Promotion of Engineering Education. 


Harvard University 1636 

Yale University 1701 

University of Pennsylvania 1740 

Princeton University 1746 

Columbia University 1754 

Brown University 1764 

University of Michigan 1817° 

Rensselaer Polytechnic Institute 1824 
Tulane University 1834 

University of Missouri 1839 

State University of Iowa 1847 

University of Wisconsin 1849 

University of Washington 1861 
Massachusetts Institute of Technology 1861 
Cornell University 1865 

University of Illinois 1867 

Purdue University 1869 

University of Colorado 1877 

Georgia School of Technology 1888 
Oklahoma Agricultural and Mechanical College 1891. 











MINUTES OF THE MEETINGS OF THE COUNCIL, 
JUNE 27-29, 1942 


Present: A. H. White, H. T. Heald, W. O. Wiley, F. L. Bishop, 
K. H. Condit, R. C. Ernst, H. A. Fisher, C. L. Kinsloe, L. G. 
Straub, B. M. Woods, W. Otto Birk, A. R. Cullimore, Carl S. Ell, 
J. H. Belknap, A. C. Callen, F. M. Dawson, N. W. Dougherty, Sei- 
bert Fairman, C. J. Freund, R. P. Hoelscher, C. Frank Allen, D. 
C. Jackson, A. M. Greene, C. F. Scott, A. A. Potter, R. L. Sackett, 
D. S. Kimball, R. A. Seaton, W. E. Wickenden, C. C. Williams, 
H. P. Hammond, S. B. Earle, K. T. Compton, D. B. Prentice (34). 

President White referred feelingly to the great loss which the 
Society has suffered the past year due to the death of F. L. Eid- 
mann, Vice President of the Society. Council expressed its ap- 
preciation of the work which he had done for the Society and 
instructed the Secretary to write to Mrs. Eidmann expressing these 
sentiments to her. 


Matters referred to the Executive Committee with power to act: 
1. Seareity of drawing instruments. 
2. Investments of the Society. 
3. Additional appropriation of $250 to Division on Mechanics. 


Recommendations of the Council: 

1. That the amendments to the Constitution be effective within 
10 days—July 7. 

2. B. M. Woods—That the Society keep in close touch with the 
policy-making agencies of the Government and use its knowledge 
and influence in behalf of the best use of engineers in the war 
effort. 

3. Committee appointed by President White—C. C. Williams, 
Chairman, A. A. Potter, W. E. Wickenden, and B. M. Woods (Jos. 
W. Barker sat in with the committee) to formulate letters concern- 
ing the unused facilities of the engineering colleges and the best 
use which should be made of them. 


Chairman Williams reported that the Committee recom- 
mended that three letters be sent to the War Manpower Commis- 
sion, the War Production Board, and the Joint Army-Navy 
Personnel Board; these letters to be written by the Secretary 
on behalf of the Society. The report was accepted and the 
committee continued. 


(At a meeting of the new Executive Committee immediately 
following the close of the meeting, it was deemed advisable that 
126 








Je SE Ee ei 


Nee 








MINUTES OF MEETINGS OF COUNCIL 127 


these letters be presented personally by this Committee to Paul 
V. MeNutt, Donald M. Nelson, and Rear Admiral Randall Jacobs. 
These letters, therefore, were presented by the President, H. T. 
Heald, the First Vice President, C. E. MacQuigg, and the Secre- 
tary, F. L. Bishop. 

(The letter to Honorable Paul McNutt was presented on July 
14, 1942. The question raised with him involved problems which 
he was considering and he appreciated very much the opportunity 
of discussing these with the Committee. 

(The letter to Mr. Donald M. Nelson was presented on July 16, 
1942. Mr. Nelson stated that the War Production Board was al- 
ready taking steps to do exactly what was suggested in the letter. 

(The letter to Rear Admiral Randall Jacobs was also presented 
July 16, 1942. In the discussion with him, it appeared that certain 
information would be of value to the Joint Army and Navy Per- 
sonnel Board which was to meet on Monday, July 20, 1942. Ac- 
cordingly we sent the following telegram to the deans of all engi- 
neering colleges : 

Please wire me today for assembling and submission to 

Joint Army Navy Personnel Board the following data your 

engineering school instruction being given on contract basis 

with armed services. Total officer personnel, subject of courses, 
is instruction given by service personnel or college faculty, are 
laboratories used for service instruction during college hours. 

Same information enlisted personnel. Same information service 

civilian personnel. 

(An analysis of the replies were sent, on Saturday, July 18, to 
Dean J. W. Barker for transmission to Admiral Jacobs.) 

4. H. P. Hammond presented the following resolution which 
was adopted: 


That the Executive Committee of the Society be instructed 
to keep in close touch with laws and procedures of the National 
Selective Service and other Federal agencies having to do with 
manpower to the end that the supply and distribution of engi- 
neering graduates needed for war industries and the armed 
services shall be such as to meet those needs most effectively. 


Divisions, Sections and Branches: 

A Division on English was authorized. 

Council appreciates the work which the group interested in 
comprehensive examinations is doing but wishes to discourage the 
formation of new divisions. Therefore, the petition for a division 
was denied. 

The Division on Mathematics reported that a committee had 
been engaged for several years on the compilation of a collection 
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of mathematical problems in engineering under the chairmanship 
of J. W. Cell, and requested that the Society recognize the value 
of the list and authorize its publication as the work of a committee 
of the Society if that can be arranged without cost to the Society. 
Approved. 

The Committee on Sections and Branches presented the peti- 
tion of a group for the formation of a National Capitol Section 
comprising Maryland and the District of Columbia. Approved. 

In the absence of H. E. Degler, G. L. Sullivan presented the 
request of the Texas Section that the Society support sections to 
the extent of 50¢ per member. C. J. Freund made the motion, 
seconded by Dean Sullivan, that Council recognizes the problem 
of the isolated members and groups of the Society and directs the 
Officers of the Society to make every possible effort to stimulate 
activity of sections and branches, particularly by more frequent 
visits from officers to meetings of sections and branches, and that 
necessary funds to this end be provided. Motion passed unani- 


mously. 


New committees authorized: 
1. Graduate study. 
2. Study of the format of THe JouRNAL or ENGINEERING EDv- 


CATION. 


Elections: 
1. D. B. Prentice as a representative of the Society on the 


Engineers’ Council for Professional Development. 
2. F. L. Bishop as a representative of the Society on the Ameri- 
ean Council on Education. 


Life membership: 
The petitions for life membership were approved for S. T. 


Berard, F. C. Caldwell, C. H. Chase, E. A. Hitchcock, G. A. Hof- 
man, H. M. Raymond. 
Appropriations: 

1. Contribution of $500 to the Committee on Engineering 


Schools of E. C. P. D. 
2. $175 to the Division on Engineering Drawing for a continu- 


ation of the survey. 
3. $132.02 to the Division on Mechanics for a continuation of 


the survey. (See Executive Committee for additional re- 
quest.) 


1944 meeting: 
An invitation from the University of Texas to meet there in 


either 1944 or 1946 was referred to the Committee on Relations 
with Engineering Societies. 
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Lamme Award Committee: 

Due to war work J. H. Belknap, chairman of this committee, 
resigned during the past year and President White appointed A. 
M. Dudley to fill Mr. Belknap’s unexpired term. 

President White appointed the following members to serve on 
this committee for a term of four years: R. C. Ernst, University 
of Louisville, L. G. Straub, University of Minnesota, E. M. Billings, 
343 State St., Rochester, N. Y. 


Book reviews: 

Council authorized the removal, temporarily, of book reviews 
from the pages of the JouRNAL in order that more space might be 
available for papers. 


Reports: 

Treasurer—Mr. W. O. Wiley presented his report which was 
accepted and ordered printed in the JOURNAL. 

Acceleration of Regular Engineering Programs.—D. B. Pren- 
tice, Chairman, reported that replies to the posteard questionnaire 
on registration in summer engineering courses given to expedite 
the program indicate that the totals for the four classes are about 
50 per cent of the registration in the same colleges last fall. By 
classes the percentages range from 66 for seniors to 28 for fresh- 
men. Those colleges which are giving summer courses for seniors 
only (8 private institutions) have enrollments 90 per cent as large 
as for senior classes last September. 

Among colleges having four classes in summer terms the range 
of percentages of present term registration compared to last year is 
very great, from more than 100 to less than 15. 

Selective Service—A. M. Greene reported that at the meeting 
on May 13, 1942, in the office of the American Council on Educa- 
tion of the Military Affairs Committee of the National Committee 
on Education and Defense, at which he and the Secretary of the 
Society represented the 8S. P. E. E., two directives were outlined 
for the consideration of the Selective Service System: One regard- 
ing students, undergraduate and graduate, one regarding teach- 
ers in secondary schools and colleges. A resolution was also passed 
recommending the change of the present directive making con- 
sideration for deferment only after a time near the end of the 
sophomore year to a time at the close of the freshman year. 

Evidence submitted at this time was that the present directive 
would affect 35 per cent of the present sophomores of Princeton 
and 65 per cent of the present sophomores of Pennsylvania State. 
This information supported the statement that 30 per cent of the 
engineering sophomores would be 20 years of age in their second 
term. 
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He stated that the directive regarding students was being 
printed but that there was no change in the sophomore rule and 
that it would not be like the proposed directive although it would 
eare for graduate students. At that time the new directive must 
have been issued as he received a copy shortly thereafter. It is 
Bulletin No. 10 and carries the date June 18, 1942. The directive 
regarding teachers would appear later. (Bulletin No. 10 is printed 
in the JournaL for September 1942.) 

Engineers Are Needed.—The Executive Committee of the So- 
ciety at the request of A. M. Greene met in Washington with Dean 
Greene and Mr. Jager of the U. S. Office of Education. The Ex- 
ecutive Committee approved the pamphlet which Mr. Jager had 
prepared provided someone in the War Production Board ap- 
proved. With the letter from General McSherry which was made 
a part of the pamphlet this approval was given and the pamphlet 
was issued and over 35,000 copies distributed. 

Conservation of Engineering Students—-W. E. Wickenden, 
Chairman of this Committee, presented the report which was pub- 
lished in the September JouRNAL. 


Engineers’ Council for Professional Development: 

R. A. Seaton as Chairman of the S. P. E. E. representatives on 
this Council reported progress. 

R. L. Sackett, Chairman of the Committee on Selection, pre- 
sented the following report. The Council approved the appeal in 
this report. 


The pamphlet on “ Engineers Are Needed ” from the Office of Educa- 
tion with the approval of Brig. Gen. Frank McSherry has gone to a large 
number of high schools. It is admirably designed to arouse many public 
schools to the need for engineers and the necessity for counsel to students 
who are considering engineering or whom teachers may think are good 
prospects for an engineering education. In only those high schools 
which are situated in cities of some size are there adequate counselors. 
In the rural districts from which a large percentage of engineering stu- 
dents come guidance is limited. Books and pamphlets on engineering 
are often absent from the library and there are few engineers available to 
give personal advice. 

The E. C. P. D. has organized committees of engineers in numerous 
cities and they have met with interested students under the wgis of the 
high school principal. They have addressed general meetings, met with 
groups interested in the several major divisions of engineering, answered 
questions and conferred with students about their individual aptitudes, 
studies, abilities and fitness for engineering education. 

But E. C. P. D. is not able to help the high school boy in the small 
city or country school where engineers are not available. 

E. C. P. D. has a useful guidance pamphlet of 36 pages entitled 
“Engineering as a Career” and has a “ Manual” to aid committees of 
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engineers who act as guides, counselors and friends to youngsters who 
are curious about engineering education. 

If the engineering colleges are to assist in discovering the best ma- 
terial then the responsibility is on them to study ways and means of 
organizing educational and occupational guidance meetings on a state 
wide, a regional or local basis as circumstances may dictate. 

A number of states have “College Days” some of which offer real 
guidance. Institutions can combine with the state engineering society as 
in Iowa. Nebraska has a helpful plan and Denver engineers have reached 
out to cover the larger cities of the state. Alabama has an aggressive 
committee of public spirited engineers who are doing an excellent job 
but the engineering colleges can reach the country schools in a more inti- 
mate way and they are the only informed engineering counselors who can 
influence the rural boys. 

It is important that the engineering schools look ahead and assist in 
informing able students of the need for engineers and the qualities de- 
sired. 

The Committee on Selection requests that the Council consider the 
need for engineers and take action encouraging the engineering schools 
to assist the state and local school authorities in providing better and 
more adequate means of assisting schools, particularly in rural areas, but 
anywhere that they can be of service and through such means of organi- 
zation as will be most effective. 


Fiftieth Anniversary of 8. P. E. E—H. P. Hammond, Chair- 
man of the general committee, reported that two committees 
were appointed when the arrangements for the 50th Anniver- 
sary meeting were first considered: an honorary committee com- 
prising the living founder members, and an active committee 
comprising the five most recent past presidents. To this latter 
committee were later added President Heald, Dean Eshbach 
and Dean Moreland. When the first meeting of the committee 
was held in November, 1941, it was felt that the program of the 
50th Anniversary Meeting should follow the pattern of similar 
occasions of other learned and professional societies and educa- 
tional institutions. A convocation of delegates would be held; 
there would be a commemorative pageant, engrossed certificates for 
the founder members, a commemorative dinner or convention pro- 
gram and a commemorative volume of society proceedings. A total 
budget of $1,850 was to be recommended to the Society. 

Shortly after this meeting came the attack on Pearl Harbor 
and our declaration of war which changed people thinking about 
such matters. A second meeting of the committee was held on 
June 26, 1942. At that time it was agreed that the meeting should 
be simpler in nature but the following items of the original pro- 
gram were retained in the Committee’s recommendations to the 
Council : 

One session of the convention program would be devoted to the 
Anniversary commemoration. There would be papers on the past, 
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present, and future of the Society and of Engineering Education. 
There should be an engrossed certificate for the then living founder 
members. The September, 1943, issue of the JourNAL should be 
a commemorative volume with a distinctive cover and binding. 
There should be a descriptive booklet or program for the annual 
dinner. The dates June 25 to June 28, 1943, inclusive, that is, 
from Friday noon to Monday noon, were suggested for the meet- 
ing. The expense of the commemorative features of the meeting 
should not exceed $200, which sum could probably be absorbed in 
the regular budget of the Society. 

In the discussion which followed the report of the Committee 
it was suggested that charter members of the Society speak on the 
Sunday morning broadcast of Northwestern University at the time 
of the meeting. It was also suggested that a Chapel service be 
held on Sunday morning, June 27, in the Chapel at the University 


of Chicago. 
The report of the committee as submitted was approved by 


the Council. 
This meeting will be held in Chicago June 25-28, 1943, with 


Illinois Institute of Technology and Northwestern University as 


hosts. 
Budget for 1942-43.—The following budget was adopted: 


Estimated receipts: 


Current dues, individual 2,500 ................. $12,500.00 
institutional 155 « . .....0.6 66000. cs 2,325.00 $14,825.00 
RENE ei S's arc Saha ¥ cols b wp he PS Aw eRe 6.4,046is De 900.00 
IE isin od rove seo W) piles Sab cas pa bau es 2,500.00 
Sale of publications and emblems .............. 450.00 
Refund for Lamme medal .................++-+- 191.00 
PE D-II 5 6 Sin oie si cc cio ave cate ce ws ctvehs $18,866.00 


Estimated disbursements: 


PN ret eo ia dav eels Kes cad Seas ouplell s Sa $ 1,000.00 
JOURNAL and Proceedings .................+4+- 8,000.00 
Committees and conferences ...........-..+-+++- 700.00 
Searetary Ss ROMGPAPIMM..... 2.06. cece we ccescecces 2,000.00 
SE I ee oS. c ec ste so b:b.cs ese sence tee 4,000.00 
Postage, telegraph and telephone ................ 800.00 
MEY DU 6s ois 0 os ih wa Sows SL ec 400.00 
Travel expenses, officers to sectional meetings .... 300.00 
Engineering defense emergency ...............-. 700.00 
Travel, Secretary’s office ............--+e+--eee- 400.00 
Dues: American Council on Education .......... 100.00 
Contribution E. C. P. D. Committee on Engineering 

NERS Be NY ORE re ge eee eee eee 500.00 
Engineering Drawing Division .................. 175.00 
DEE TIE bocce cciccceuuwownsecvevics 132.02 19,207.02 





Mistimmated Geflelt . oN cece e ccc cc cc cescscens $ 341.02 
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New Members: 
The following were elected to membership in the Society: 


BaILEy, CHARLIE R., Associate Specialist, E. 8. M. D. T., U. 8. Office of Edu- 
cation, Washington, D.C. F. J. Sullivan, C. E. Bardsley. 
Bass, LAWRENCE W., Director, New England Industrial Research Foundation, 
Ine., 137 Newbury St., Boston, Mass. F. L. Bishop, E. A. Holbrook. 
BLICKENSDERFER, HERMAN, Assistant Manager, Inca Mining & Development 
Co., Tirapata, Peru, 8. A. D. D. Mallory, P. A. Cushman. 

BonD, EvGENE W., Secretary-Treasurer, Bliss Electrical School, Washington, 
D.C. R. L. Sackett, M.‘M. Flanders. 

Bowman, Dean O., Instructor in Economies, University of Michigan, Ann 
Arbor, Mich. F. L. Bishop, Nell McKenry. 

Brock, GENE H., Instructor in Engineering Drawing, A. & M. College of Texas, 
College Station, Texas. W. E. Street, J. G. McGuire. 

Caton, JOHN J., Director, Chrysler Institute of Engineering, Detroit, Mich. 
I. C. Crawford, A. H. Lovell. 

ConovEeR, LAWRENCE J., Associate Professor of Electrical Engineering, La- 
fayette College, Easton, Pa. C. M. Merrick, F. W. Smith. 

Cooper, CHAS. D., Associate Professor of Engineering Drawing, The Ohio State 
University, Columbus, Ohio. C. E. MacQuigg, Tk E. French. 

DavuGHERTY, RoBERT L., Professor of Mechanical and Hydraulic Engineering, 
California Inst. Tech., Pasadena, Calif. F. Thomas, R. W. Sorensen. 

Gowpy, Rosert C., Dean, College of Engineering and Commerce, University of 
Cincinnati, Cincinnati, Ohio. C. W. Park, G. W. Burns. 

HarLow, Henry G., Instructor in Civil Engineering, Union College, Schenec- 
tady, N. Y. M. F. Sayre, W. C. Taylor. 

Harris, Ernest C., Instructor in Structural Engineering, Fenn College, Cleve- 
land, Ohio. Oscar Hoffman, M. B. Robinson. 

Harrison, THoMAS P., Department of English, North Carolina State College, 
Raleigh, N. C. Re-admission. 

Hosson, J. E., Professor and Director, Dept. of Electrical Engineering, Illi- 
nois Institute Technology, Chicago, Ill. M. L. Manning, E. H. Freeman. 

Jaacer, JAMES E., Field Secretary, American Society of Civil Engineers, 33 
W. 39th St., New York City. G. T. Seabury, C. F. Scott. 

JAKOSKY, JoHN J., Dean, School of Engineering and Architecture, University 
of Kansas, Lawrence, Kansas. F. L. Brown, C. M. Young. 

LaGaarD, M. B., Assistant Professor of Civil Engineering, Northwestern Uni- 
versity, Evanston, Ill. Re-admission. 

Munpt, Aucust J., Personnel Director of Engineering, Western Union Tele- 
graph Co., 60 Hudson St., New York City. W. C. White, Carl 8. Ell. 
Parks, Witsur H., Instructor in Mechanical Engineering, University of 

Denver, Denver, Colo. L. M. K. Boelter, E. F. Murphy. 
Prarson, JoHN E., Instructor in General Engineering Drawing, University of 
Illinois, Urbana, Ill. R. P. Hoelscher, 8. G. Pierce. 

Porter, Puip J., Instructor in Mechanical Engineering, Swarthmore College, 
Swarthmore, Pa. G. B. Thom, 8S. T. Carpenter. ; 
Reaser, WILLIAM E., Assistant Professor of Mechanical Engineering, Lafayette 

College, Easton, Pa. C. M. Merrick, E. M. Fernald. 
RycKMaNn, Seymour J., Instructor in Civil Engineering, University of Maine, 
Orono, Me. Paul Cloke, W. 8. Evans. 
ScHUHMANN, REINHARDT, Assistant Professor of Mineral Dressing, Massachu- 
setts Institute of Technology, Cambridge, Mass. A. M. Gaudin, F. L. 
Bishop. 
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ScHutTz, HARALD, Instructor in Power Engineering, Dartmouth College, Han- 
over, N. H. F. W. Garran, K. K. Edgar. 

Snook, RayMonD C., Instructor in Machine Design, Alabama Polytechnic In- 
stitute, Auburn, Ala. B. K. Collins, J. H. Hannum. 

STanLEY, Ropert L., Instructor in Civil Engineering, Union College, Schenec- 
tady, N. Y. W. OC. Taylor, M. F. Sayre. 

WATSON, CLARENCE E., Assistant Professor of Industrial Relations, North- 
western University, Evanston, Ill. F. G. Seulberger, O. W. Eshbach. 
WuitrorD, Rosert H., Physics-Chemistry Librarian, College of the City of 

New York, New York City. J. B. O’Farrell, Harry Baum. 

WILLIAMSON, JAMES H., Associate Professor of Industrial Engineering, Uni- 
versity of Tennessee, Knoxville, Tenn. R. M. Boarts, R. W. Morton. 
Woops, Francis P., Graduate Student in Physics, University of Detroit, De- 

troit, Mich. C. J. Freund, A. R. Satullo. 
ZozZzORA, FRANK, Instructor in Graphics, Lafayette College, Easton, Pa. F. 
W. Slantz, C. M. Merrick. 
Respectfully submitted, 
F. L. BisHop, Secretary. 
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MINUTES OF THE 50TH ANNUAL MEETING 


The 50th annual meeting of the Society for the Promotion of 
Engineering Education was held in New York City June 27-29, 
1942, with President A. H. White presiding. Our hosts were 
Brooklyn Polytechnic Institute, Columbia University, Cooper 
Union, Manhattan College, New York University, College of the 
City of New York, Newark College of Engineering, Pratt Institute, 
Princeton University, Rutgers University, Stevens Institute of 
Technology, Webb Institute of Naval Architecture, and the Mid- 
dle Atlantic Section. The general meetings were held in the Mc- 
Millen Theater of Columbia University. They were held Satur- 
day morning, Sunday morning and afternoon, and the annual 
dinner Sunday evening. Twenty-two conferences were held Sat- 
urday afternoon and evening and Monday morning. The latter 
conferences were held at institutions in the New York area other 
than Columbia. The members of the Council were guests of the 
host institutions at dinner on Friday evening. The first meeting 
of the Council was held immediately following the dinner. Coun- 
cil met Saturday, Sunday and Monday mornings at breakfast. 
There were 800 members and guests registered at the meeting. 

The first general session was held Saturday morning with Presi- 
dent White in the chair. Thorndike Saville, Chairman of the 
New York Engineering College Administrators, J. K. Finch, Co- 
lumbia University, and J. S. Morehouse, Chairman of the Middle 
Atlantic Section, weleomed the members to New York City. Presi- 
dent White responded for the Society. The following papers were 
presented: The Engineer Corps and the Colleges by General R. 
C. Crawford, Engineer School, Fort ‘Belvoir, Va.; Military Per- 
sonnel and the Colleges by Lt. Colonel C. E. Hixon, Military Per- 
sonnel Division, War Department; The Navy’s Need for Engineers 
by Jos. W. Barker, Special Assistant to the Secretary of the Navy; 
The Army Specialist Corps by W. O. Hotchkiss, Assistant Director 
General; the Presidential Address, Privileges and Duties, by A. 
H. White, Professor of Chemical Engineering, University of 
Michigan. Questions were submitted in writing and these were 
answered by the above mentioned and by Major B. R. Van Leer, 
Service of Supplies. ‘The report of the Secretary was read by 
title as was the report of the Treasurer. Both reports are attached 
hereto. The amendments to the Constitution which had been ap- 
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proved by the Council and submitted to the membership thirty 
days before the meeting were adopted by the Society. These 
amendments are: 


ArtIcLe II: Membership 


Paragraph 6 as changed— 

An individual member who has been in good standing for twenty-five 
years or more, who has reached the age of 65 years, and who has retired 
from active professional life, may, upon written request, be designated as 
a life member by vote of the Council, and shall thereafter be exempt from 
the payment of dues. 


ArticLe IV: Officers 


This Article as changed— 

There shall be a President, a First Vice President, and a Second Vice 
President, each to hold office for one year. There shall be a Secretary and 
a Treasurer, both to be appointed by the Council. In case of a vacancy 
in the office of President, the First Vice President shall succeed to that 
office. In case of a vacancy in the office of First Vice President, the Sec- 
ond Vice President shall succeed to that office. 


ARTICLE V: Council 


Add a new section. 
3. The elective officers and members of the Council shall continue in 
office for a period of ten (10) days after their successors shall have been 


elected. 


ArtTICcLE VI: Election of Officers and Members of the Council 


1. The President, the two Vice Presidents, and one-third of the elec- 
tive members of the Council shall be elected each year from the individual 
membership by ballot of the Society at the annual meeting. 

2. There shall be a Nominating Committee consisting of the past presi- 
dents, the members of the Council retiring the following year, and one 
member of the Society from each Section, who shall have been elected for 
a term of one year at a regularly called meeting of the Section and duly 
certified to the Secretary of the Society before May 15. If, however, the 
total number of committee members attending any meeting of the Com- 
mittee for official action be less than five, the President shall appoint a 
sufficient number to form a committee of five. The Committee shall re- 
port to the Society, at the business session provided therefor in the pro- 
gram, its nominations of officers for the ensuing year and of councilors for 
three-year terms and for any incomplete terms necessary to fill vacancies. 

The senior Past President present at the opening of the committee 
meeting shall serve as its chairman. 
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Members of the Council who are serving the first year of their terms 
shall be invited by the Secretary to attend the meetings of the Nominating 
Committee as observers without voice. 

By means of a form to be printed in THE JOURNAL OF ENGINEERING 
EpucaTion or in the preliminary program of the annual meeting, an op- 
portunity shall be given to individual members of the Society to submit 
names of persons to be considered for officers and for the Council. These 
names, on the form provided, shall be sent to the Secretary of the Society 
not later than May 15; and, as soon thereafter as possible, the Secretary 
shall send the suggested names to all members of the Nominating Com- 
mittee. 


Special chapel services were held in Columbia Chapel at nine 
o’clock Sunday morning with a sermon by Chaplain R. C. Knox. 

A round table discussion on What Is the Task of the Engineer- 
ing Colleges in the War Effort was presented by the National 
Broadcasting Company from 9:45 to 10 a.m. Sunday morning with 
President White, Wm. L. Batt, Director of Materials, War Produc- 
tion Board, Leonard Carmichael, Chairman, National Resources 
Planning Board, and Karl T. Compton, Office of Scientific Research, 
participating. 

The second general session was held immediately following the 
broadeast with the three speakers who had participated in the 
broadeast presenting papers on the same subject. Papers were 
also presented at this meeting by W. H. Kushnick, Director of 
Civilian Personnel Training, and F. J. Kelly, Chief, Division of 
Colleges and Professional Schools, U. 8S. Office of Education. The 
Nominating Committee presented the following for officers and 
members of the Council. Upon motion they were unanimously 
elected. 


President 
H. T. Heald, Illinois Institute of Technology, Chicago, Il. 


First Vice President 
C. E. MacQuigg, The Ohio State University, Columbus, Ohio 


Second Vice President 
B. M. Woods, University of California, Berkeley, Calif. 


Secretary 
F. L. Bishop, University of Pittsburgh, Pittsburgh, Pa. 


Treasurer 
Jas. S. Thompson, McGraw-Hill Book Co., New York City 
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Assistant Secretary 
Nell McKenry, University of Pittsburgh, Pittsburgh, Pa. 


Council Members whose Terms Expire in 1945 


H. L. Dodge, Univ. of Okla., Norman, Okla. 

J. C. Elgin, Princeton Univ., Princeton, N. J. 

L. J. Fletcher, Caterpillar Tractor Co., Peoria, Ill. 
C. E. Lawall, West Va. Univ., Morgantown, W. Va. 
R. L. Spencer, Univ. of Delaware, Newark, Del. 

C. E. Tucker, Mass. Inst. Tech., Cambridge, Mass. 
Jos. Weil, Univ. of Florida, Gainesville, Fla. 


D. C. Jackson, Chairman of the Nominating Committee, made 
the following motion which was adopted: That the Executive Com- 
mittee is instructed to fill vacancies in the posts of officers or elec- 
tive members of Council between this meeting and the next annual 
meeting in 1943. Nore: Vacancies were interpreted to mean 
either actual vacancies or absences due to military or other emer- 
gency service which would prevent communication. (In such 
latter case, the incumbent might be expected to resign, thus mak- 
ing an actual vacancy.) 

The third general session was held Sunday afternoon with H. 
T. Heald, Vice President of the Society, presiding. Papers were 
presented by Geo. W. Case, Director, on The Next Fiscal Year of 
E. 8. M. D. T.; by A. M. Greene, Special Consultant to the War 
Production Board; a report by D. B. Prentice, Chairman of the 
Committee on the Acceleration of the Regular Engineering Pro- 
grams (this was supplemented by a report by S. W. Beardsley 
of the Brooklyn Polytechnic Institute) ; a report by W. E. Wick- 
enden, Chairman of the Committee on Conservation of Engineer- 
ing Students; and by C. W. Cole, Curtiss-Wright Corporation. 
The following resolutions were unanimously adopted : 


The Society for the Promotion of Engineering Education is fully 
agreed that, despite unusual difficulties, this fiftieth annual meeting must 
rank as one of the most successful and most important. The local com- 
mittees, responsible for this success, are to be congratulated upon the 
fact that their organization functioned with ease and efficiency. Our 
thanks are due to all members of the many sub-committees under the 
direction of Dean Thorndike Saville, Chairman of the Advisory Commit- 
tee, and Professor James M. Church, Chairman of the Central Committee, 
who have provided well for our personal convenience, for our meeting 
places, and for our entertainment; to the committee members arranging 
the women’s program; and to Chaplain Raymond C. Knox for eonducting 
the special chapel service. 
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Inasmuch as this pleasant and profitable meeting has been made pos- 
sible by the generosity of our host institutions, be it resolved that this 
Society express its gratitude to all of the following institutions, their 
officers and staffs: 


Brooklyn Polytechnic Institute 

College of the City of New York 

Columbia University 

Cooper Union 

Manhattan College 

New York University 

Newark College of Engineering 

Pratt Institute 

Princeton University 

Rutgers University 

Stevens Institute of Technology 

Webb Institute of Naval Architecture. 

Committee on Resolutions, 

CHartes M. McKercow 
JOSEPH WEIL 
W. Orro Birk, Chairman 


The annual dinner was held in the John Jay Dining Hall of 
Columbia University at seven o’clock Sunday evening with Presi- 
dent White presiding. Admiral Geo. H. Rock, Webb Institute of 
Naval Architecture, who had been selected by the twelve host in- 
stitutions, gave an address. President White introduced the deans 
of the host institutions, also C. Frank Allen, 91 years of age, and 
the oldest member of the Society. A. M. Greene, Chairman of a 
special committee on the recognition of Mr. W. O. Wiley’s services 
to the Society as Treasurer for 35 years, presented the following 
report. Mr. Wiley’s resignation had been deferred when pre- 
sented at the 1941 meeting. 


A year ago, two of fhe elderly members of the Society, F. E. Turneaure 
and A. M. Greene, and a young man, James §. Thompson, were appointed 
a committee to signalize and to show our appreciation for the work of 
our Treasurer, W. O. Wiley, for thirty-five years. Tonight we are hon- 
oring one of the wonders of the United States. In a demoeratie coun- 
try, I know of no man who has been appointed by the Nominating Com- 
mittee for thirty-five consecutive times and then withstood election for 
that time! Just think of it! We have certain men who have served 
three terms, we have others, not far from here who have served a num- 
ber of terms, but in none of those cases will we find that it totals thirty- 
five years, and:I think it is most remarkable. I wish you to realize that 
there must have been something which produced this wonderful phe- 
nomenon for thirty-five years. 

That, of course, has been the kindly spirit, the willingness to serve, 
and the great contribution which was made to the management of our 
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organization. Of course, I must not at this time give him all the honor. 
We must think of those who worked with him during those years, and 
the one who is a strong runner-up to thirty-five years, our secretary. 

At this time, the Committee thought of a proper way to recognize 
Mr. Wiley’s services. He is not a young man. He has a home, he has 
that which goes with a home. We could not give him watches nor could 
we give him paintings. He has them. We could not give him even a 
collection of Greek manuscripts. He has them. But there is one thing 
that he does not have, and the Committee therefore has collected from, 
not the members of the Society, but from the living members of the Coun- 
cil of this Society from 1907 until the present year, this book of letters 
which I have here. It has in the front of it a presentation sheet as fol- 
lows: 

To 
Wiuu1amM OGpEN WILEY 
Treasurer 
of the 
Society for the Promotion 
of 
Engineering Education 
1907-1942 


Personal Letters 
from 
Fellow Members 
of the 
Councils of the Society 
during 
Thirty Five Years 


ae 


Fiftieth Annual Meeting 
John Jay Dining Hall 
Columbia University, New York 
June 28, 1942 


There are one hundred and fifty letters. Every living member of the 
Council, the address of whom we know, was circularized, and these are 
the products. I trust Mr. Wiley you may enjoy reading them as I have. 

There is also another gift but this is a gift from the Society through 
the Council and President White will now confer that upon you. 

PresIDENT Waite: Mr. Wiley there is a clause in our Constitu- 
tion which has been so little used that many of us have forgotten 
that it is there. It is: ‘‘Honorary members of the Society shall be 
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such persons as may be recommended by unanimous vote of the 
Council in a letter ballot to be taken by the Secretary on the 
recommendation of twenty members of the Society.’’ We have 
not had an honorary member for more than thirty years. We do 
not have one now, but, the Council has voted to make you an hon- 
orary member of this Society, our only honorary member. I take 
pleasure in conferring upon you honorary membership in the So- 
ciety for the Promotion of Engineering Education. 





WILLIAM OGDEN WILEY, 
TREASURER, 8. P. E. E., 1907-1942. 


RESPONSE OF Witu1aAM O. Writer: I appreciate very much this 
gift of letters from members with whom I have been associated for 
so long, and I also thank you for the gift of Honorary Membership 
in the Society. 

When I was elected Treasurer at the Cleveland meeting in 
1907, I was handed by my predecessor a little brown morocco- 
bound book with an alphabetical index, and scattered through its 
pages were the names of perhaps four hundred members, and 
opposite each name was either the word, ‘‘Paid,’’ or a blank, which 
indicated that the man had either paid or had not paid his annual 
dues. Now, that happened to be an accurate Treasurer’s report, 
because when I got back to New York and sent out the bills, not a 
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single member of the Society objected to the bill sent. Fortu- 
nately for me, my uncle, Major Wiley, had been Treasurer of the 
American Society for Mechanical Engineers for a good many 
years, and when I told him that I had been elected Treasurer of 
this Society and that with it went the privilege of membership on 
the Executive Committee, he gave me very sound advice. 

When I explained to him the affairs of the Society, he said, 
‘“*T assume you have taken this job to perform the duties of it as 
long as the Society wishes you to do them or until you realize that 
your usefulness is at an end. You must remember that the Treas- 
urer of a Society has very little to do with the policy of the So- 
ciety. It is his business to find the money to carry out the policy 
decided upon by the Council. 

‘*You tell me that you have a small membership, small annual 
dues, and, furthermore, that means that you have a small annual 
income. You also change your president and secretary each year, 
and consequently you have a moving home. What you must 
strive for is to have a permanent home and a paid secretary, and, 
in order to get that, you must increase your membership so as to 
inerease your annual income.’’ 

Well, in the first two years of my tenancy, I was saved from 
being the only permanent officer by Dr. A. L. Williston, who 
served two years as secretary. During those two years, we had 
considerable trouble because in one of them, we had to publish 
two big, fat volumes of proceedings. We had some difficulty in 
getting on in those days, but finally Henry Norris, head of the 
Department of Electrical Engineering at Cornell University, be- 
came secretary of the Society and he became so much interested 
in our affairs that for five years he remained secretary and then, 
having become so much interested in the general practice of engi- 
neering, he decided to become a practicing engineer and so he re- 
signed from the Society. 

Then Dr. Bishop was made our secretary. Now, Bishop was 
just the man for the job. In the first place, he was born in the 
State of Vermont and he inherited a New England conscience, 
which, if its admonitions are heeded, compel a man to do his ut- 
most for the business or the profession in which he is engaged, 
even at the personal loss of time and money. He is a good or- 
ganizer, a hard worker, and a man who is liked by other men. 
In addition to this, the chancellor and the trustees of the Univer- 
sity of Pittsburgh, to a certain extent, supported him in his as- 
sumption of these extra duties, and also, he was a very wise man 
in his choice of an assistant, who is now our Assistant Secretary. 

When I was a boy and spent my vacations on Cape Cod, my 
father used to make me and my brother go to Friends’ meeting, 
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and every now and again, one of the two women who sat on the 
High Seat on the women’s side, or one of the two men who sat on 
the High Seat on the men’s side, would rise and testify to how 
much their religion had done for them. In like manner, I, from 
my temporary occupation of this High Seat, wish to testify to how 
much Dr. Bishop and Miss McKenry and the University of Pitts- 
burgh have done for this Society, and to thank them personally 
on my own behalf and on that of the members of the Society. 

After a few years, I realized that we were no longer a wander- 
ing tribe, but that we had a permanent home, and I then had 
faith to believe that at some future time, we would be able to have 
a paid secretary. 

My friends, my association with this Society has been a glorious 
adventure. Imagine the privilege of knowing for fifty years, more 
or less intimately, the leading teachers of engineering in this 
country, and when the older men died, to have the young men 
come in and fill their places and take a great part in the work of 
this Society. 

To be sure, in the early days, we had no money for traveling 
expenses and I realized that I could not spend any money, but 
fortunately for me, my business caused me to visit frequently the 
engineering colleges, and when I had finished telling the professors 
what wonderful books Wiley published and how important it was 
for their students to use them, I would pick out a member of the 
Society and go over with him the problems which confronted us. 
I always came back from one of those trips with increased en- 
thusiasm for the work in which we were all engaged. 

As Dr. Bishop’s administration continued, the Treasurer of 
our corporation, who had started keeping the accounts as a boy, 
and I would work on the financial history of the Society, and we 
discovered that our tasks were lightened. We had great support 
through all of the time from the older members. The men who 
founded this Society at Chicago in 1893, and their immediate suc- 
cessors, while all of them were members of the larger national 
societies—civil, mechanical, electrical, mining engineers, testing 
materials—felt that this Society was the child of their creation 
and they watched over it with care. 

My friends, when this cruel war is over, we shall have to repair 
damages. The men you have taught and are now teaching will be 
called upon to do the job. They will be called upon because you 
have trained them to do the best possible job at the least possible 
cost, and if they are not interfered with by outside influences, they 
will accomplish it. In this necessary and inspiring work of prepa- 
ration for post-war conditions, I bid you Godspeed. 
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TESTIMONIAL TO WILLIAM OGDEN WILEY, TREASURER OF 
S. P. E. E. 1907 TO 1942 * 


William Ogden Wiley was born in East Orange, New Jersey, on De- 
cember 27, 1862, the son of Charles and Julia Halsted Wiley. In that 
community, he lived for more than 60 years, taking an active part in its 
educational, civic, and religious affairs. His early education was obtained 
in the local schools and, after two years study at New York University, 
he entered Columbia College, graduating with the class of 1882 with the 
degree of A.B., and in 1887 receiving the A.M. degree. Mr. Wiley has 
been a devoted and loyal alumnus of Columbia University, taking par- 
ticular interest in the Society of the Early Eighties, and the Columbiana 
Collection. He was awarded the Alumni medal in 1933. Mr. Wiley 
married Kate Root Quimby in 1897 and has two children, Cynthia and 
Julia Halsted (Mrs. John Porter Gilbert). 

After eight years in the woolen business in New York City, he, began 
his long affiliation with John Wiley & Sons, in 1890, following three 
generations of Wileys in the book publishing field, serving in various 
capacities under his father, Charles Wiley, and his uncle, Major William 
H. Wiley. He became, in 1925, president of the Company and in 1941 
elected Chairman of the Board, and has continued his active participation 
in directing the policies of his company. 

Outside of publishing and S. P. E. E. affairs, he has been a lifelong 
student of the history and literature of ancient Greece. An ardent hiker, 
he has taken a keen interest in the development and maintenance of trails 
in the woods of the Eastern States. 

Before the election of Mr. Wiley as treasurer of the Society in 1907, 
secretaries and treasurers were elected for short periods to represent vari- 
ous sections of the country, with the two offices invariably separated 
geographically so that codperation was impossible. The membership at 
that time was small and the income was not sufficient to meet all of the 
expenses without close association between members of the executive com- 
mittee. The financial conditions were such that the president for the year 
1906-07, Professor Dugald C. Jackson, saw the necessity for longer terms 
in these two offices, and with the assistance of Major William H. Wiley 
he persuaded Mr. Wiley to accept the office of treasurer. The society 
was fortunate in having as secretary in 1907 Arthur L. Williston, then 
director of Pratt Institute. The proximity of Brooklyn and New York 
permitted close association of these two men so that in the -following 
year 260 new members were added to the society, a percentage increase 
of over 60 per cent never surpassed in the history of the Society. 

From 1907, the annual meetings of the Society have always been 
brightened by the short reports of Mr. Wiley indicating the solvency of 
the Society during the year. This wonderful record has been due to 
the close relationship and teamwork of Mr. Wiley with the secretary 
and members of the executive committee. To him and them the Society 
owes its success during these thirty-five years of service. 


*From souvenir booklet issued by the Local Committee at the meeting. 
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A. M. Dudley, Chairman of the Committee on Lamme Award, 
reported the name of Roy Andrew Seaton as the recipient of the 
fifteenth Lamme medal for ‘‘his leadership in engineering educa- 
tion, arising from devotion to sound teaching and appreciation of 
the value of research; for his skill in the guidance of professional 
societies, through his conception of their needs, and his power of 
administration ; for his service to his country through the develop- 
ment of emergency training in engineering in time of war; and for 
his solution of large social and economic problems.”’ 

Willard T. Chevalier, Vice President of the McGraw Publishing 
Company, delivered an address on ‘‘A Chance and a Challenge.’’ 
President White introduced the newly elected officers and members 
of Council and the meeting adjourned to meet in Chicago in June 
1943 at the fiftieth anniversary meeting of the Society. 








ADDRESSES OF WELCOME * 
By THORNDIKE SAVILLE 


Dean, College of Engineering, New York University; Chairman, Engineering 
College Administrators, New York Metropolitan Area. 


Just two years ago the shadow of the present war began to make 
itself felt upon engineering education in this country. It was then 
ealled ‘‘preparing for the National Defense Emergency.’’ An 
appropriation had been made by Congress for emergency voca- 
tional education, and a conference of engineering college adminis- 
trators was called in Albany by the State Education authorities to 
explore the degree to which the engineering colleges of the state 
could and would participate. 

Most of us felt that as our objectives were professional rather 
than vocational, we could be of better service in other, but as yet 
unformulated, activities. To discuss our most effective contribu- 
tion to the developing emergency the seven presidents or deans of 
the engineering colleges in New York City agreed to meet during 
the summer and formulate joint plans. Meanwhile, the Engineer- 
ing Defense Training Program, under the auspices of the U. S. 
Office of Education, was authorized in Congress, and as a member 
of the Advisory Committee to assist in developing its policies, I 
was requested to explore with my colleagues in the New York Metro- 
politan region the prospective needs for short intensive training 
courses of an engineering nature. 

As a result, the New York City engineering institutions invited 
Stevens Institute and Newark College of Engineering to associate 
with them as a joint New York Committee for training for National 
Defense. We set about conducting a survey of prospective needs 
for emergency technical training for the defense industries of the 
region. A grant was made by the Carnegie Corporation through 
the American Society for Adult Education, and James Creese, 
Vice-President of Stevens Institute, was made Director of the Sur- 
vey. 

An intensive canvass was made of some 174 manufacturing 
plants and 18 groups of industries in the New York industrial area, 
and a report was rendered in November 1940. As indicative of 
the needs apparent nearly two years ago, I should like to quote one 

* Presented at the 50th annual meeting, S. P. E. E., New York City, June 
27-29, 1942, 
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conclusion from the report which reads as if it had been written 
yesterday : 


As the survey proceeded, it seemed increasingly clear to our group that 
this fundamentally important question was not one that we could put to 
industry, but this: Where are there reservoirs of men to be trained for the 
places which must presently be filled in the defense industries? 

Even if the engineering colleges themselves speed up production, 
teaching through the summer and graduating men in February who might 
have stayed in college until June; even if the few disadvantageously 
placed engineers and the fewer unemployed engineers are returned to 
appropriate employment; even if training by shop school facilitates an up- 
grading of plant personnel; even if the draft does not take the many 
engineers for whom industry does not ask deferment—even if all these 
reliefs are to be had—there will still be an appalling shortage of techni- 
eally trained men. 

While the survey revealed that the basic requirement of the defense 
industries is additional fully-trained engineers, the report also reeommended 
short-term, intensive training of high school graduates and selected stu- 
dents of liberal arts colleges who have had preparation in the physical 
sciences and mathematics to help meet the emergency. 


Upon the release of this report the group responsible for it 
felt that their association had been so mutually beneficial, that an 
informal more or less permanent organization was desirable. On 
account of geographical location three additional institutions were 
requested to join, and in January 1941 there was established the 
Association of Engineering College Administrators of the New 
York Metropolitan Region. This includes the presidents or deans 
of the twelve engineering colleges of the region—namely—Brooklyn 
Polytechnic Institute, College of the City of New York, Columbia 
University, Cooper Union, Manhattan College, New York Univer- 
sity, Newark College of Engineering, Pratt Institute, Princeton 
University, Rutgers University, Stevens Institute of Technology, 
and Webb Institute of Naval Architecture. 

This group have met from time to time to consider numerous 
current educational policies, the effect of the increasing war effort 
upon engineering institutions in this area, and how they could 
best, separately or jointly, meet their national responsibilities. 
One outgrowth of the association was the creation of the Defense 
Training Institute sponsored by the eight New York City engineer- 
ing institutions, which operates with E. 8. M. D. T. funds to pro- 
vide short intensive pre-professional training courses, thus re- 
lieving the individual institutions of this character of work. Some 
1000 students have been registered in these courses, most of whom 
have been placed in war industry. The New Jersey institutions 
have also collaborated to similar ends, but by different means, 
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The Association has had various meetings, some with engineer- 
ing college administrators from other institutions, to discuss such 
important matters as the accelerated programs of engineering in- 
struction, selective service practices, increasing the number of 
high school graduates to engineering colleges, ete. The group has 
not confined its deliberations to emergency matters, and all of us 
are confident that this type of informal organization in a metro- 
politan region, where our respective institutions are jointly pro- 
ducing over 10 per cent of the total engineering graduates of the 
nation, has been and will be extremely helpful in providing mutual 
interchange of opinion and unanimity of action on many important 
matters. 

I have given you this summary because I though you might like 
to know something of the background of the group which has acted 
for the respective institutions which are the hosts for these meet- 
ings. Therefore, Mr. President, it is with great pleasure, as Chair- 
man of the Association of Engineering College Administrators of 
the Metropolitan New York Region and on behalf of the institu- 
tions which we represent, that I welcome the officers, members, and 
guests of the S. P. E. E. on the occasion of the fiftieth annual 
meeting. 

Our invitation to hold this meeting in New York in 1942 was 
extended several years ago, and long before most of us thought we 
would now be involved in war. We had hoped to make your semi- 
centennial meeting one long to be remembered by the scope of our 
plans for your enlightenment and entertainment. Naturally we 
have been distressed that the circumstances surrounding the war 
effort have made impelling a ‘‘stream lined’’ program, largely 
devoid of those institutional amenities with which we should have 
liked to embellish our hospitality. None the less we are sincerely 
glad that you are here now. Our several institutions are open to 
your inspection, and our faculties are eager to show you whatever 
you may have time to see. We hope that in this abbreviated war 
time program you may find an incentive to come soon again shortly 
after the war, and permit us to regale you in the way we had 
originally intended. 


By JAMES K. FINCH 


Associate Dean, Columbia University 


I have the honor and pleasure of weleoming you on behalf of 
Columbia University. 

It seems to us most appropriate that a society devoted to the 
progress of the engineering profession should hold an annual con- 
vention in this period of crisis and difficulties which we now face. 
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It has been said that this war is an engineer’s war. It is 
certainly a war in which the products of engineering—mechanism, 
organization, and production—play a determining role. We will 
prevail—the victory will be ours—only if the engineering forces 
of democracy, in their ability to design, produce and employ the 
products of engineering endeavor, surpass the efforts of the regi- 
mented slaves of dictatorship. 

It is thus not only your privilege but your duty, as engineering 
educators, to give your attention to those problems of your pro- 
fession in the solution of which our engineering schools may be of 
service in this national emergency. 

These are primarily the material problems which are the price 
of victory. We should, however, not loose sight of the deeper 
meanings and implications for the engineering profession of this 
world struggle in which we are embarked. 

Not only is democracy challenged but the aims and ideals of 
our profession also hang in the balance. Engineering has a stake 
in democracy that is so deep, so fundamental and so mutually 
essential that the present conflict constitutes a direct challenge to 
all those ideals which we, as engineers as well as free people, hold 
dear. 

It is not due to fortuitous circumstances that the growth and 
development, the evolution and the progress, of our profession have 
gone hand in hand with the rise of Western Civilization, with the 
emergence of democratic institutions and the achievement of in- 
dividual liberty and opportunity in the Western World. The 
student of history cannot fail to perceive the close relationship 
between the economic, social and political ideals of the democratic 


' way of life and the concurrent accomplishments of the engineering 


profession. 

The one has, for over fifty centuries, fertilized the other. Un- 
questionably, engineering has been and still is, not only a major 
instrumentality of Western Civilization but a potent force in 
spreading the gospel of a higher standard of life and living for 
all the people. It has been a vital factor in shaping the aims, 
ideals and aspirations of democracy. Democracy has, in turn, 
furthered that system of free inquiry, free enterprise and a free 
market, which is essential to the continued progress and evolution 
of science and engineering. 

There are thus two major aspects of engineering life which are 
challenged today—its material resources, and what we may call 
its spiritual values and aspirations. 

To a discussion of these problems—problems of both national 
and professional significance—Columbia University offers you wel- 
come in this June of our year of trial. 
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June 30, 1942 
(Prepared June 22, 1942) 





ASSETS 

Cash: 
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Life Membership Fund....................... 884.44 $ 8,031.96 
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Benj. G. Lamme Trust Fund: 
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REPORT OF SECRETARY, F. L. BISHOP, 1941-42 


This report is streamlined in accordance with the character of 
this, the 50th annual meeting of the Society—the third meeting to 
be held during times of war. This Society, like other national 
engineering societies, has devoted its entire energy to the war 
effort. I think more than half the time of the officers of the Society, 
during the past year, has been devoted to the problems which have 
arisen as a result of the war. No attempt will be made here to give 
in detail the many different types of work, educational and tech- 
nical, which the members of this Society have undertaken due to 
the war. 

Much of the work of the Society which was of great importance 
in times of peace is now temporarily of secondary importance be- 
cause of the pressure for a solution of important and immediate 
problems which arise in connection with the war effort. It was 
for this reason that the officers of the Society in preparing the 
agenda for the meetings of the Council placed those matters which 
deal with public policy first in order that they might have adequate 
consideration, and made rather secondary those matters pertaining 
to operation and organization of the Society. 

President White and Vice President Heald have held them- 
selves available for all conferences and meetings in which it was 
important that the officers of the Society be present. The Secre- 
tary has attended twenty or more meetings in different sections of 
the country. 

The Secretary might include in his report a discussion of such 
subjects as the acceleration of the regulat engineering programs, 
student conservation, engineers are needed, ESMDT, ete. These 
committees have presented excellent reports and I, therefore, omit 
any discussion of them. 

The war naturally affected the membership of the Society ad- 
versely in two ways: 

1. Members who have left their academic or other positions to 
devote full time either in the armed services or in other government 
work. 

2. Members who have accepted employment either temporarily 
or permanently in war industries. 

We have elected 178 new members since our last meeting, and 
29 applications at this meeting, making a total of 207 new members. 
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We now have 3,281 individual, a gain of 23, and 155 institutional, 
a loss of two, making a total of 3,436 members. 

We have lost 182 individual members, 111 by resignation, 43 
were dropped for non-payment of dues, and 30 by death—a Vice 
President for 1941-42, F. L. Eidmann; three charter members, W. 
S. Aldrich, F. E. Foss, and A. N. Talbot; six former members of 
Council, H. V. Carpenter, Sada A. Harbarger, C. Francis Har- 
ding, A. C. Lanier, C. E. Magnusson, C. H. Mitchell; and the fol- 
lowing active members, L. P. Alford, B. N. Blakeslee, E. R. Cary, 
A. C. Davis, E. B. Drake, W. M. Dunagan, L. N. Field, M. W. 
Furr, R. W. Higbie, W. C. John, J. W. Kidd, P. R. Kolbe, U. G. 
Mitchell, J. H. Pound, A. H. Rapport, W. C. Riddick, E. C. 
Schmidt, D. L. Turner, J. T. Walther and J. H. Weaver. It is in- 
teresting to note that these men, without exception, have been ac- 
tive in the affairs of the Society in committee, division, or section 
work. 

The amendments to the Constitution of the Society were ap- 
proved at the meeting of the Council last year. The rephrasing 
of these was referred to a committee consisting of L. G. Straub, 
Chairman, H. H. Armsby, and W. Otto Birk. The rephrased 
amendments were then submitted to the Council, by letter ballot, 
for approval and printed copies of the proposed changes were 
mailed to all members of the Society thirty days before this meet- 
ing, in accordance with the Constitution. 

Twice during the year, when a committee found it necessary, 
the Secretary has telegraphed the dean of each engineering college 
in the country. 

Matters pertaining to divisions, technical institutes, graduate 
study, etc., will appear in the minutes of the meetings of the Coun- 
cil following reports by committees of the Council on these subjects. 

The Secretary cannot close this report without making proper 
official acknowledgment of the great help and assistance which he 
has received from Mr. W. O. Wiley who has been Treasurer dur- 
ing the entire time the present Secretary has been in office. 














REPORT OF THE COMMITTEE ON ACCELERATION 
OF THE REGULAR ENGINEERING PROGRAM 


The Committee on Acceleration of the Regular Engineering 
Program was appointed some eighteen months ago when the pre- 
paredness effort of the United States and production for the lend- 
lease plan had greatly increased the industrial demand for men 
with engineering training. After careful study of the question- 
naires returned from a large number of engineering colleges the 
committee at that time recommended expediting the graduation 
of the class of 1943 by conducting summer terms. The committee 
also recommended that the cost of this acceleration to colleges and 
students be met in part by congressional appropriation. After 
study of the report by the Advisory Committee on technical train- 
ing of the U. S. Office of Education it was felt by the Commissioner 
that the advantages to be gained were not worth (at that time) the 
eost. The plan was therefore abandoned. 

Immediately after the attack on Pearl Harbor your committee 
restudied the problem, secured data from the engineering colleges, 
and ten days after December 7th presented a plan to Dr. Stude- 
baker. Unfortunately action was deferred, the program for engi- 
neering schools became involved with the problems of the arts col- 
leges and nothing definite has been determined as yet. Dr. Kelly 
gave you the history of the bill following its presentation to the 
Bureau of the Budget. 

In the meantime, however, many engineering colleges have an- 
nounced accelerated programs, most of which are now in operation. 
Your committee is able to report this afternoon on the enrollments 
in a representative group of colleges. Post card questionnaires 
have been received from 96 institutions. Of this total, 15 colleges 
do not offer accelerated programs, 58 now have four classes in resi- 
dence, 8 have seniors only in the summer sessions, and the other 15 
colleges have accelerated programs for one or more classes but can 
not be readily grouped for analysis. Of the colleges from which 
replies were received, 81, or 84 per cent, are offering some oppor- 
tunities for their students to graduate earlier than normal. Sey- 
eral institutions in the non-accelerating group conduct codperative 
programs and therefore can not expedite graduation. Sixty-four 

colleges, or 67 per cent of the entire group, admitted freshmen at 
the beginning of the summer and most of them will admit first year 
men again in September. 
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Of the 58 colleges now having four classes in residence for the 
summer term, 52 submitted registration figures which are definite 
and can be combined. The total registration last September for 
these colleges was 43,747, a sufficientiy large proportion of the 
registration in all engineering colleges, certainly, to make the cur- 
rent figures significant. For these 52 institutions the following 
comparisons can be made between corresponding classes this sum- 
mer and last fall. : 

The senior registration dropped from 7751 to 5101 or 66 per cent 
The junior registration dropped from 9173 to 6030 or 66 per cent 
The sophomore registration dropped from 11,180 to 6203 or 55 per cent 


The freshman registration dropped from 15,643 to 5486 or 35 per cent 
The total registration dropped from 43,747 to 22,820 or 52 per cent 


Of last fall’s juniors, 56 per cent are now in college as seniors, 
of last fall’s sophomores, 54 per cent are now in college as juniors, 
and of last fall’s freshmen, 40 per cent are now in college as 
sophomores. 

The summer terms are accelerating the training of only half of 
our undergraduates. Unless September registrations indicate a 
return to college of many former students now missing and a new 
freshman group twice as large as that which entered in June, the 
total supply of potential engineers will have decreased rather than 
increased to meet the war-time demand. 

Summer terms without Federal financial aid are operated under 
a double handicap. Not only are needy students forced to lose 
the usual opportunities for employment, but this year they must 
give up work at abnormally high compensation. The need and 
the temptation have evidently won many students from these sum- 
mer classes. Financial aid would go far, probably, to offset the 
lure of well-paid jobs. Returns from endowed colleges, where eco- 
nomic pressure on students is undoubtedly less, indicate the truth 
of this statement. In the eight institutions, all private, which are 
holding summer classes for seniors only, the enrollment is 1508 
compared with 1677 seniors last fall, or 90 per cent. This con- 
trasts with the corresponding ratio of 66 per cent for the four-class 
group of colleges, public and private. The eight colleges are Car- 
negie, Illinois Tech, M. I. T., Rensselaer, Rutgers, Thayer, Tufts 
and Worcester. A comparison of the enrollment of present seniors 
in this group with last fall’s juniors shows a survival of 87 per cent, 
which is about normal for a senior-junior ratio. Evidently the 
usual fraction of juniors continued into the summer term as seniors. 

The variations in the returns from all the colleges with accel- 
erated programs are extremely wide. A few colleges have summer 
term enrollments in four classes as low as 15 per cent of last fall’s 
registration. Several schools have freshman registration this sum- 
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mer only one-tenth that of last September. On the other hand, 
eight colleges have total enrollments in all of their classes this 
summer of 2175 compared to 2220 last fall, or 98 per cent. Six 
of the eight are endowed institutions and all are comparatively 
small. 

Of the colleges from which returns were received 22 will gradu- 
ate the present seniors in late fall and 33 will have commencements 
in early 1943. 

The question which has given most of us concern is ‘‘ What will 
be the effects on the students of the accelerated program? Will 
almost continuous class attendance increase academic mortality ?’’ 
Yesterday I learned that S. W. Beardsley of Brooklyn Polytechnic 
Institute has some extremely interesting records which answer that 
question, at least for twenty-one months continuous attendance. 
I have permission from the presiding officer to introduce Mr. 
Beardsley. 


EVIDENCE CONCERNING EFFICIENCY OF 
ACCELERATING ENGINEERING 
EDUCATION 


By SEYMOUR W. BEARDSLEY, JOAN M. SCHWEERS, ROSS FLEISIG 
Brooklyn Polytechnic Institute 


In terms of war production, how economical is it to accelerate 
engineering education? If it is at all economical, then to what 
extent? Engineering curricula are concentrated and overcrowded 
under normal conditions. Several institutions have announced 
their belief that acceleration is impractical. Others are com- 
mencing to accelerate with reservations and hesitation. 

A complete and objective measure of the economy involved will 
not be available until we have had experience with the whole prob- 
lem. Our decisions must be made, however, without the benefit of 
hindsight. In the meantime, have we any similar experience which 
might throw light on the problem? 

One source of such experience exists where colleges admit fresh- 
men in February. If these freshmen study throughout the sum- 
mer and begin the sophomore course in the fall of the samé year, 
an ‘‘accelerated program’’ is in operation. Such a program has 
been maintained by Brooklyn Polytechnic Institute for many years. 
It is our purpose here to present a brief statistical analysis of ex- 
perience with February entrants in this one institution. 

At Brooklyn Polytechnic Institute, part of the freshman class 
is admitted in February. Immediately after the close of the first 
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semester in June, this group begins the second semester of the 
freshman year. Approximately half of the second-semester courses 
are finished in the middle of the summer, at which time the class 
has a vacation of two weeks. Then the remaining second-semester 
courses are studied throughout the remainder of the summer, so 
that the freshman year is completed just in time to begin the 
sophomore year in September. Thus, excepting a two-week period, 
this group has no summer vacation until the second June follow- 
ing the February in which they enter. This whole period in which 
the February entrants complete the freshman and sophomore years 
is almost twice as long as the normal academic year. It should be 
pointed out also that nearly all February freshmen enter college 
directly from secondary school, with no vacation between the last 
semester of secondary school and the first semester of college. 

This intensive program occurs at the stage in the student’s col- 
lege training which involves the greatest amount of adjustment. 
Hence, the test would seem severe enough to indicate the nature of 
limitations to be found in comprehensive schedules of wartime ac- 
celeration. 

All of our findings except those in Table III are taken from 
data on students entering the Day Session of the Institute from 
September, 1930, to February, 1937, inclusive. The records of 
1088 * students entering in this period have been studied. 


TABLE I 


Per Cent GRADUATING OF FRESHMEN ENTERING IN FEBRUARY AND 
SEPTEMBER (SEPTEMBER, 1930, TO FeBruary, 1937, INCLUSIVE) 


February Freshmen September Freshmen 
Number entering........... 302 Number entering........... 786 
Number graduating......... 145 Number graduating......... 349 
% graduating.............. 48.0% % mradusting ... . 65. 6.6000 44.4% 


Table I shows the relative success of February and September 
freshmen in winning their degrees. It might be expected that the 
pressure of the program followed by the February group would 
‘*kill off’’ a certain percentage, leading to a higher total mortality. 
But as far as gross results are concerned, there appears little dif- 
ference between the two groups; if there is any difference, it is in 
favor of the February entrants. The significance of the table is 
that no greater loss of students occurs in the intensive ‘‘ February”’ 
program than in the normal ‘‘September’’ program. 

This gross finding may obscure certain effects of the intensive 
course. Table II shows the number of ‘‘withdrawn’’ students 

* This figure does not include transfer: students from other colleges. A 


few students for whom no scholastic aptitude records were available were also 
omitted from the study, since these records are part of the data. 
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whose scholastic averages, up to time of withdrawal, were lower 
than ‘‘C,’’ the lowest passing grade. The withdrawals in this table 
are thus limited to students who at least were having scholastic 
difficulties. Also, only those withdrawals are included which took 
place during or later than the second semester of the freshman 
year. Any earlier withdrawals could scarcely be connected with 
differences between the ‘‘February”’ and ‘‘September’”’ programs. 
Of course, the object here is to see whether any greater scholastic 
difficulty caused by the intensive ‘‘February’’ program results in a 
larger proportion of withdrawals. 


TABLE II 


NuMBER OF WITHDRAWALS WHOSE ScHOLASTIC AVERAGES WERE LOWER THAN 
“C,” anp WHO WERE IN CoLLEGE More THAN ONE SEMESTER 


February September 
Fresh Fresh 





i, AOL IIE |... och pv ecineeics he saancnaas 302 786 
b. Number withdrawing whose averages were lower than 
“‘C,” and who were in college more than one semester 95 273 
c. % withdrawing (ratio of (b.) to (a.))................. 31.5% 34.7% 


Table II indicates that the proportion of withdrawals of stu- 
dents in scholastic difficulty is no greater in the February group 
than in the September group—even after the summer session and 
lack of vacation have had a chance to exert their influence. Here 
again, there appears a slight, unimportant advantage in favor of 
the February group (31.5 per cent mortality as compared to 34.7 
per cent), rather than a disadvantage as one might expect. 

As a further check on the effect of the intensive February pro- 
gram, we compared the scholastic averages of two February classes 
(those entering in February, 1939 and 1940) with averages for 
the September class entering in 1939. Averages for the first se- 
mester serve more or less as a control, since conditions are nearly 
alike for the two groups. The only difference is that the February 
group has just completed the last semester of secondary school prior 
to entrance, whereas the September group has had its summer va- 
cation. The second and third semesters cover the summer session 
and the fall semester of the sophomore year for the February group. 
We might expect the averages for the February group to decrease 
relative to those of the September group. 

In order to compare the trends of grades for the two groups, 
only those students who completed the third semester are consid- 
ered in Table III. But a considerable number of students who 
have withdrawn since the third semester are included, thus account- 
ing for the low averages. The grading system is as follows: A = 4, 
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TABLE III 


AVERAGE GRADES FOR Two FEBRUARY GROUPS COMPARED TO ONE 
SepremMBerR GROUP, FOR THE First THREE SEMESTERS 




















1st Semester 2nd Semester 3rd Semester 
Average Average Average 
80 February Freshmen... . 2.03 2.05 1.87 
103 September Freshmen. . . 2.20 2.24 2.05 





B=3, C=>2, D=1, E=0. ‘‘C’’ is the lowest passing grade. 
Course grades are weighted according to the number of credit hours. 

From Table III it is apparent that, for the two groups here 
compared, the average performance is a little less than one-fifth of 
a point higher for the September group at the end of the first 
semester. In other words, under approximately equal conditions, 
the September group is slightly superior. The significant ques- 
tion in this study is: What happens after the first semester? It 
can be seen that the two groups remain closely parallel in the dif- 
ferent circumstances. The September group is .17 higher at the 
end of the first semester, .19 at the end of the second, and .18 at 
the end of the third semester. One would conclude from this that 
the program for February. Freshmen does not differ from the 
normal program in effect on grades during the second and third 
semesters, when the effect, if any, should be the most pronounced. 

One might still wonder if the above results are not prejudiced 
by the fact that they involve only those students who managed to 
remain throughout three semesters, thus leaving out the weakest 
students. With this in mind we studied the records of those who 
finished two semesters but not three. While the number of cases 
is small, the results indicate no reason to charge the intensive 
course with relative ill effects. Twenty-nine September Freshmen 
in this category averaged 1.76 the first semester and 1.45 the sec- 
ond semester. Eleven February Freshmen in the same category 
averaged 1.52 the first semester and 1.53 the second semester. Add- 
ing this to Table IV, we must conclude that the summer session 
cannot be particularly blamed for poor grades. 

A gross measure of possible long-term effects of the ‘‘ February’’ 
program has already been presented in Table I (percentage in 
each group receiving degrees). Although this does not reveal any 
ill effects of the intensive course, perhaps a comparison of the two 
groups with respect to rank in the same graduating class will 
indicate such effects. A student may ‘‘survive,’’ but the strain 
may affect his performance in the long run. 

In Table IV, the ‘‘expected number’”’ of February and Sep- 
tember Freshmen is based on the total number found in each third 





EFFICIENCY OF ACCELERATING ENGINEERING EDUCATION 161 


TABLE IV 


Rank IN CoLLeEGE GrapDuATING Ciass, BASED ON FOUR-YEAR 
AVERAGE OF GRADES 








Highest Middle Lowest 





143 February Freshmen..................... 46 47 50 

Expected number of Frebruary Freshmen. . 48 51 40 

“ 345 . September Freshmen.................... 119 127 99 
Expected number of September Freshmen. 117 123 105 














of the class. The expected number is calculated from the known 
ratio between all February graduates and all September graduates. 
In each case, the number found does not deviate sufficiently from 
the expected to eliminate chance.* The greatest deviation appears 
, in the lowest third, where there is only a 71 per cent chance of a 
true difference from the expected. 

It will be noted that the three ‘‘thirds’’ do not include equal 
numbers of graduates. This is accounted for by the fact that 
transfer students and others without scholastic- apttinds test rec- 
ords are not included. 

One other fundamental question must be answered before we 
ean safely conclude that the February program is reasonably as 
economical as the normal program. If it should turn out that the 
February group were superior to the September group in qualifica- 
tions at the time of entrance, then the performance of the former 
should be better; otherwise, we might still consider the intensive 
course a handicap. We therefore selected two criteria for the 
study of records of graduates—the scholastic aptitude test,+ admin- 
istered prior to admission, and rank in the high-school class. 


TABLE V 


AVERAGE THURSTONE Scores oF GrapuaTsEs, ALL Scores IN TERMS OF 
EQUIVALENTS FOR THE 1937 Eprrion 


— SS SS OS USS hc” he el i oe cr mre (WW 6 « 


| cual 


Average Score 
145 February Freshmen................... 191.1 
' 343 September Freshmen.................. 201.4 


, The critical ratio t for this difference in favor of the September 
Freshmen is 2.06, or 98 chances out of 100 of a true difference.§ 


* Based on values of chi-square. 
) +t Thurstone Psychological Examination for College Freshmen, American 
Council on Education. 
j Difference 

| 8.D. of Difference 

§ Reasons for this difference are being studied in another investigation. 
Whatever the results, they would scarcely be expected to alter the conclusions 
of this study. 
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Only the opposite result would argue that the February program 
constituted a handicap. 

The numbers found in each fifth correspond closely to the ex- 
pected. The largest deviation from the expected number (in the 
middle fifth) results in only a 74.8 per cent chance of a true differ- 
ence, which does not begin to approach any criterion for eliminat- 
ing chance. So that all differences found between the groups in 
Table VI should be interpreted as chance differences. 


TABLE VI 


RaNK IN HigH-scHoot Crass (BASED ON FourR-YEAR AVERAGES) 
OF COLLEGE GRADUATES * 








Highest} Second| Middle} Fourth} Lowest 
Fifth | Fifth | Fifth | Fifth | Fifth 





112 February Freshmen..... ete er 36 18 13 3 











Expected number Feb. Freshmen ecu 39 35 23 11 +4 
288 September Freshmen................ 96 89 65 28 10 
Expected number Sept. Freshmen.... . 99 90 60 30 9 











* The fact that cases are fewer than in Table V is caused by absence of some 
ratings from high schools. 


CoNCLUSIONS 


1. The ‘‘mortality’’ of the accelerated group, studied with re- 
spect to several criteria in order to reveal any possible effects of the 
intensive program, is very similar to that of the normal group. 
There appears no loss in consequence of the special program. 

2. The scholastic performance of the accelerated group reveals 
no deleterious effect—either immediate or eventual—of the 
program. 

3. The basic qualifications of the February group are not supe- 
rior to those of the September group, being somewhat inferior with 
respect to scholastic aptitude. The scholastic performance of the 
group therefore cannot be regarded as hampered by acceleration. 

4. While the conditions studied in this report are not the same 
as those of many wartime programs which might be instituted, 
these results should be reassuring with regard to the essential 
‘‘eeconomy”’ of accelerating engineering education. It is possible 
that less tangible effects would disfavor acceleration. That possi- 
bility, however, seems to us of secondary importance in our present 
condition of national emergency. 
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forth; shall ye not know it?” 


the Divine purpose for them. 


long they had looked for a day of security and peace. 


is now thy God?’’ 


shall spring forth; shall ye not know it?’’ 
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Isaiah 43: 18-19. “ Remember ye not the former things, neither con- 
sider the things of old: Behold I will do a new thing; now it shall spring 


This counsel, spoken by the prophet in the name of the Lord, 
must have seemed to those who heard it strangely at variance with 
a long-accepted belief. For does not the Bible repeatedly stress 
that men should never cease to remember the mighty works of old? 
Would not this direction appear to ignore one of the principal 
values in education? To have accurate knowledge of former 
things, intelligently to appreciate what has been experienced and 
done by past generations—does not such ability form an essential 
part of the enlarged equipment for life which education affords? 

But it is evident that this prophet, known as the Second Isaiah, 
was not a man who had a superficial view of the significance of 
history, as may be seen by his calling to mind the deliverance of 
the Hebrews from Egypt, with other signal events which showed 


A few decades prior to the time of this writing, the Hebrew na- 
tion had suffered a crushing disaster. The small land of Palestine 
had been invaded by the mighty armies of Babylon, and the capital 
city laid in ruins. Of the inhabitants who had escaped death, a 
large number had been deported and were still in captivity. For 


this calamity seemed to put an end to their hopes. There appeared 
to be no justice in the world, no power to uphold the right. 
the taunt of their oppressors was heard, which was also a question 
which many a perplexed person was asking in his heart, ‘‘ Where 


These were ‘‘the former things’’ to which the prophet referred. 
He well knew the suffering they brought, for he was one of the 
victims. Nevertheless, what he bade his people to do, was not so 
to dwell in their thoughts upon the failure of their hopes that they 
would be kept from seeing the new thing which it was the purpose 
of God to bring forth. ‘‘Behold, I will do a new thing; now it 


* From a sermon preached in St. Paul’s Chapel, Columbia University, by 
the Reverend Raymond C. Knox, 8.T.D., Chaplain, at a Service in connection 
with the Annual Meeting of the Society for the Promotion of Engineering 
Education, June 28th, 1942. 
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They were to rise to a larger and truer knowledge of God. 
They were to realize that He was the Creator, whose power and 
majestic laws could be seen in the universe, and whose eternal 
nature is to produce the new (Chapter 40). By bringing their 
lives into an inner spiritual relationship to Him there would be 
released and strengthened in them a like power to create. This 
was the most important thing for them to consider. Through a 
true knowledge of God they would know the unfailing Source of 
all spiritual renewal. They would have in themselves a fresh 
energy of spirit sufficient to throw off the burden of past failures, 
and to press on to a new height of enduring achievement: ‘‘They 
that wait upon the Lord shall renew their strength; they shall 
mount up with wings as eagles; they shall run and not be weary; 
they shall walk and not faint’’ (40: 31). 

Not long after the date of this declaration there did occur an- 
other amazing deliverance. Through the rise of a strong and hu- 
mane leader these deported people, with others, were enabled to 
return to their own land, and to raise up the former desolations. 
Then there was inaugurated one of the great creative epochs in 
Hebrew religion and culture, which has profoundly influenced all 
subsequent centuries, including our own. 

This meeting of the Society for the Promotion of Engineering 
Education is especially devoted to ‘‘the task of the Engineering 
Colleges in the war effort.’’ It is a meeting which will undoubtedly 
have a far-reaching effect not only on the successful prosecution 
of the war; it will also prepare men for the still larger task of 
winning the peace and of world reconstruction. 

Two decades ago there were those who had the vision of a new 
world, of more assured security, of international coéperation, and 
of lasting peace. For a brief period it was hoped that all men 
and nations would not be disobedient to that exalted vision. But 
instead of resolutely going forward to meet the new, they weakly 
looked back to things and practices of old. And like Lot’s wife, 
they became petrified. The house of humanity was made ready 
for its rightful occupant. But it was left spiritually empty. So 
the old demon of war has returned with seven other devils, more 
heavily armed to destroy and seeking world-domination, and the 
menace to freedom and life which we have now to drive out is 
worse than the first! 

But with realistic recognition of this recrudescence of old evil, 
with firm resolve that it shall be overthrown, the most important 
thing for us to discern and to consider, even in the midst of the 
conflict, is the emergence of the new. We hear these same words 
which are God’s message to us today, ‘‘Behold, I will do a new 
thing ; now it shall spring forth; shall ye not know it?’’ 
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This emergence of the new can unmistakably be seen in the 
striving of men for a higher standard and manner of living, in the 
plans, already in the making, which have as their object to pro- 
mote human welfare, with greater security, justice, and freedom 
for all. Once again the Spirit of God is moving over the troubled 
waters of our time, out of the chaos to create a new world of unity 
and of fellowship. 

That we may have the sufficient spiritual energy to overcome 
old evil, actually to achieve the new world, the primary need is to 
rise to a larger and truer knowledge of God and of our relation- 
ship to Him, particularly as made known in the life of Christ. 
In this world of ours which too long has perpetuated harmful 
practices of old, which has been haunted by an obsession of fail- 
ure to reach its worthiest ideals, which has been weakened by loss 
of faith, the inexhaustible Source by which the spirits of men 
can be renewed and empowered to create the new, is the vitalizing 
knowledge of God in Christ. 

For to have this knowledge of God is completely to do away 
with that false and misleading division which puts the creative 
activity of God and the power of man to create into two separate 
compartments. In the new thing which it is the purpose of God 
to bring forth, we are not to be merely passive spectators. We 
have not only to sit still and wait. God is never One who does 
for us the work which it is our responsibility to do and for which 
our talents were given. Rather because God is Creator, and be- 
cause man was made in His spiritual image or likeness, so does it 
follow that man both realizes his own true nature, and also his 
closest kinship with God, as he exercises a like creative power. In 
the words of St. Paul, we are to be ‘‘co-workers together with 
Him,’’ wise master-builders ‘‘rightly dividing the word of truth.’’ 
In a magnificent conception, men are spoken of as having share 
in bringing all nature to perfection, and thus shall they attain to 
the glorious liberty of the sons of God (Romans 8: 18 ff.). 

As we seek to align our efforts with the new thing now spring- 
ing forth, how boundless are the resources, ready at hand, waiting 
for the intelligence and decision of men to make use of them! 
Foremost among these are the accumulations of knowledge, and 
the practices and methods of modern scientific discovery. In a 
poetic figure, the prophet, still speaking in the name of the Lord, 
says, ‘‘I will even make a way in the wilderness, and rivers in the 
desert.’’ This symbolic description has now become a visible real- 
ity. By engineering skill highways have been constructed across 
continents, and rivers channeled to make fertile waste places. With 
messages carried instantly round the globe, with navigation of 
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the air above and the deep of the sea beneath, the surface of the 
earth has been made anew; and the further transformations that 
will be made surpass the imagination to describe. 

For centuries a large portion of mankind has suffered from 
poverty, from malnutrition and the diseases it breeds, from inade- 
quate housing unfit for human abode. As far back as the time of 
the Book of Deuteronomy there was the injunction, ‘‘There shall 
be no more poor in the land.’’ But men did not know how to 
attain it. 

The new and astounding fact—familiar, yet so novel and revo- 
lutionary that we have by no means adjusted our actions to it— 
is that this ideal of abolishing poverty is now, by the miracle of 
science, at last possible of realization. The technique of produc- 
tion, only in its first stages, could if fully and rightly applied 
amply supply all the physical needs and comforts of men. To 
make these resources available is chiefly a matter of education, 
especially of stimulating a new temper of mind which will make 
social practices correspond with the changed conditions and facts. 
But to do this, men cannot too fondly remember ‘‘ former things,”’ 
repeat old slogans, and vainly try ‘‘to advance backward into the 
future.’’ In thought and in deed we must go forward to meet 
the new. 

But while discovery and invention, made by a long line of gifted 
individuals and groups, actuated by an impartial search for truth 
and eager to contribute to human benefit, have immensely im- 
proved the conditions and possibilities of life, yet there is another 
aspect, the dark side of the picture. As we are acutely aware, 
these same forces discovered in nature and the inventions made 
from them, can be and are seized by men of low desire and brutal 
ambition to employ for the wholesale slaughter of human life, and 
the destruction of the civilization science has so notably helped 
to rear. 

To counteract and to prevent this vicious perversion, so con- 
trary to the true spirit of science, there must be the strong avowal 
of the inviolability of moral law, and the persistent cultivation in 
education and elsewhere of ethical purpose. With this percep- 
tion of the necessity of moral purpose the indispensable place of 
religion becomes evident. Says Dr. Albert Einstein, ‘‘One can 

have the clearest and most complete knowledge of what is, and 
yet not be able to deduct from that what should be the goal of 
human aspiration. ...To make clear these fundamental ends 
and valuations ... seems to me precisely the most important 
function which religion has to perform in the social life of man.’’ 
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And he adds, ‘‘They come into being . . . through the medium of 


powerful personalities.’’ 
It is through the most powerful personality in history, the per- 


sonality of Christ, that these fundamental ends and valuations are 
made inspiringly clear; who presents to us as the supreme goal 
of human aspiration the reign of the Kingdom of God on earth, 
in which greatness is measured not by lordship over others but 
solely by the standard of contribution to men, even as the Son of 
Man came not to be ministered unto, but to minister. 

A further fact of incalculable significance for the bringing 
forth of the new is the intense desire on the part of millions of 
people for the establishment of an order, within each’nation and 
among the nations, which will be the secure basis for enduring 
peace. This is the ghastly paradox of our time: in a day when 
the people in vast numbers want peace, a few mad men, swollen 
with lust for dominion and conquest, indoctrinating their deluded 
followers with the hallucination of the totalitarian state and of 
racial supremacy, have plunged the world into the most terrible 
of wars. 

But the thing of greatest import is that our country and other 
freedom-loving peoples are now roused, united, and determined 
that with the winning of victory there shall be created some work- 
able form of world-organization which shall give the strongest 
guarantees of security and peace, with equal opportunity for all 
to have life, freedom, and unbroken development. This is the 
most striking new thing, one has ground for saying, that has ever 
occurred in the upward march of mankind. It is taking place 
now—in our time. Whatever the fury of the assaults made — 
it, against it the gates of hell shall not prevail! 

Firmly to found and to make triumphant this new movement 
in history is the highest, God-given task to which our Nation with 
others is called. So we must be prepared, now and later, to fash- 
ion new institutions, new types of organization, and to support 
them by a new willingness to serve and to sacrifice in a common 
cause. For peace can never be won by a negative, a passive atti- 
tude. The blessing of Christ was pronounced not upon those who 
merely wish for peace, or praise peace, or pass resolutions about 
peace, but upon the peace-makers. 

This is the high end to which these meetings here to be held for 
expert engineering planning will make their efficient and extended 
contribution. 
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It is an end to which each one of us, individually and with 
whatever organization one may be associated, can consecrate his 
lifelong effort and ability. 

It is a purpose which has a deeper foundation than in simply 
our human aspiration and desire. It belongs to an eternal order, 
established by Him who is the Creator, upon which unshakable 
foundation we with our skill and resources can permanently build. 

It is to respond in our day to the truth which the prophet pro- 
claimed in His name: ‘‘ Behold, I will do a new thing; now it shall 
spring forth; shall ye not know it?”’ 
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THE NEXT FISCAL YEAR IN E. S. M. D. T.* 


By GEORGE W. CASE 


Director of the Engineering, Science, and Management War Training program, 
U. 8S. Office of Education (on leave as Dean of the College of 
Technology, University of New Hampbhire) 


In looking forward to the third year of training personnel in 
colleges and universities to meet the defense and war needs of in- 
dustry and the armed forces, the outstanding new development to 
be furthered would seem to be the incorporation of additional 
groups into our industrial population. For years we have con- 
sidered our manpower, supported by timesaving machines, to be 
adequate for any emergency, but today we are finding that as- 
sumption false. 

When our armed forces reach the fighting fronts in strength, 
and heavy casualties are incurred, we shall probably have to take 
young men from civil pursuits to replace losses in the Army and 
Navy. We must not forget that young men constitute the fighting 
strength of the nation and that all of them may be needed to 
make that strength adequate. If and when they are called, the 
young men in our industries must be replaced, not by kidnapped 
citizens of subjugated nations, but by those women and older men 
among our own population who have little value on the fighting 
line. 

To make this transition effective, engineers and production 
supervisors must solve many problems. Since these problems may 
not become apparent to industry as a whole until they begin to 
affect production, engineering schools and particularly the indus- 
trial engineering departments of such schools should begin im- 
mediately to survey their respective areas to uncover them. The 
staff of E. S. M. D. T. in Washington may be of some assistance, 
but the real service must come from the schools through well 
planned training programs. 

It may be well to review our activities of the last 18 months to 
see how well we are prepared to meet the emergencies which are 
likely to beset us in the coming year. 

As you recall, E. D. T. had as its principal objective the train- 
ing of persons to meet the rapidly expanding needs of industry 
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for professional and sub-professional engineers. The 144 insti- 
tutions participating in that program offered 2,354 courses, in 
which 107,830 men and women were enrolled. These were trained 
at a cost of $6,138,227. 

Women made up less than one per cent of the-E. D. T. enroll- 
ment. There were no outstanding characteristics of the men, ex- 
cept that they were predominantly young men, and that about 85 
per cent took part-time courses, usually because they were already 
employed on full-tjme jobs. 

During the life of E. D. T., we received many calls, which we 
were unable to meet, for training in fields other than engineering; 
and, as a result, when the E. 8S. M. D. T. program was inaugurated, 
expansion was authorized to include the training of chemists, 
physicists, and production supervisors. 

To meet the cost of this expansion, and of increased enrollments 
in engineering, the Congress appropriated $17,500,000 for the fiscal 
year just closing. 

In the first allocation of E. S. M. D. T. funds, $100,000 was set 
aside for the training of physicists, $500,000 each for the training 
of chemists and production supervisors, and the balance for the 
training of engineers. In all of these branches except chemistry, 
the need proved greater than had been provided for. This was 
particularly true in the fields of physics and production super- 
vision. 

To finance this greater training of the non-engineering group, 
funds were transferred from the amount allotted to engineering, 
and on April 28, the Congress appropriated an additional $3,000,- 
000 to supplement the 1941-42 appropriation. 

To date, proposals have been approved with estimated costs of 
approximately $20,200,000 of which about $348,000 was for train- 
ing physicists, $488,000 for chemists, $2,094,000 for production 
supervisors, and $17,255,000 for the training of engineers. The 
aggregate enrollment authorized is over 462,000. 

While legislation approving the new budget has not been 
enacted, we anticipate an increase in the appropriation under which 
next year’s program is to operate. As has been indicated, it is 
likely that those trained with these funds will include somewhat 
different groups than were enrolled under previous programs. 

The declining supply of young men makes it increasingly nec- 
essary to enroll women, older men, and members of all races, who- 
ever may be needed by industry and can meet the prerequisites 
for our training courses. We must include more foundation work 
in mathematics and physics in our engineering and science courses 
for this group, and for later programs, we must encourage the 
teaching of these subjects in high schools and liberal arts colleges 
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to a greater extent than formerly, in order to obtain better quali- 
fied applicants. 

The training of junior inspectors of ordnance material illus- 
trates the modification of courses to meet the caliber of available 
trainees. These courses were prepared in consultation with the 
Ordnance Department of the Army and the trainees were selected 
by the United States Civil Service Commission. 

At its inception, only men who were between the ages of 23 and 
35 were accepted for this training. They were required to have 
completed one year as undergraduates in colleges of engineering, 
or to have studied mathematics, chemistry, and physics during two 
years of general college work. 

Before the first group had completed training, the Civil Service 
Commission reported difficulty in recruiting qualified men for sub- 
sequent courses, and the age limit was raised to 53. Despite this re- 
laxation, the Civil Service Commission reported continuing diffi- 
eulty. Finally, women and certain men who could substitute 
experience for part of the educational prerequisites were allowed to 
take the course. 

Although our courses have always been open to qualified women, 
and a total of 4,436 were enrolled prior to Pearl Harbor, events 
since then have greatly stimulated their enrollment. During the 
entire E. D. T. program, only 811 women were enrolled. Under 
E. 8S. M. D. T., on the other hand, the number has reached 27,000. 
This is over 7 per cent of the total enrollment. As war employers 
seek more women in anticipation of depletions through selective 
service, there is little doubt that a much larger number of women 
will be enrolled. 

Men beyond the age for military service are also coming into 
their own as war workers. This trend has been noted generally, 
and already many institutions have found considerable success in 
training them. Because of their mature, responsible attitude, and 
the long, industrial experience which many of them have acquired 
in non-defense industries, this group has proved itself particularly 
adaptable to such work as precision inspection. One institution 
which has trained some 400 of them cites an experience that illus- 
trates, very well, what is being done and may serve as a guide for 
similar ventures. 

The trainees, who were recruited from several surrounding 
States, were all high school graduates, and a considerable number 
of them had attended college for one or more years. Their aver- 
age age was about 42, but a few as old as 56 were admitted. After 
about 500 hours of full-time training in a ten-week course, more 
than 300 of them were placed immediately in good jobs and the 
remainder shortly afterwards. 
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While a number of the trainees in the above course had pro- 
duction experience, many had been salesmen or businessmen, and 
several were on W. P. A. You may be particularly gratified to 
learn that some of those drawn from W. P. A. rolls were among 
the best trainees, and that, through this training, they were able 
to sueceed in responsible employment. 

Colleges and universities are reporting a considerable reservoir 
of older men who are qualified for our courses, and we trust that 
there will be a large increase in the number enrolled during 
1942-43. 

Labor stringencies and governmental efforts to promote fair 
employment practices are rapidly eliminating discrimination 
against racial minorities in war industries, and we can be sure that 
negro enrollment, which has been running a little over one-half 
of one per cent, will increase substantially in the months to come. 

In recognition of the need for increased training on the college 
level for Negroes, it is understood that ways have been worked 
out whereby they may be admitted to our courses in all states 
where segregation in educational institutions is required, and no 
negro institution can meet the degree-granting requirement. 

Besides the training needs of war industries, which must be 
met, we must recognize the requirements of the military services 
for trained men to direct the operation of the war equipment that 
industry is producing in such vast quantities. 

When the President announced the unprecedented volume of 
tanks, guns, ships, and planes which must be manufactured to 
match the equipment of our enemies, few of us realized the true 
magnitude of the training problem which that gigantic task pre- 
sented. It may well be that the mobilization of a fighting force 
of from six to ten million men will tax our training facilities be- 
yond their capacity. 

Last February we decided to stop organizing courses for en- 
listed men. This was partly because the Army and Navy were 
providing for such training, and partly to conserve E. S. M. D. T. 
funds to meet the cost of more #lvanced training for industry and 
the armed forces. We may find it necessary to resume this train- 
ing, especially for enlisted officer-candidates, of which a larger 
number are to be trained than can be accommodated without the 
use of the established facilities of our codperating institutions. 

Early in April, institutions which had offered ultra-high fre- 
quency courses for their seniors were asked to canvas their grad- 
uates for men who could accept commissions and undertake this 
study in a summer course to prepare for active duty with the 
Army and Navy. A considerable number responded, and it is 
estimated that about 400 have received commissions and been de- 
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tailed to the institutions for this training. Since this number is 
small, it is hoped that these schools will again try to interest their 
alumni and, where sufficient numbers can be enrolled, give the 
course early in the new program. 

The current enrollment in less advanced radio engineering 
courses is about 1,700 and at least half of these are officers. Thus, 
the two electronics courses should supply about 5,000 officers dur- 
ing the coming year with some knowledge of this field. 

The total enrollment of uniformed Army and Navy personnel 
in E. D. T. was only 1,554. In the present program, the enroll- 
ment of such men had reached 5,480 by April 30, and the grand 
total for the fiscal year is expected to exceed 8,000. Our most re- 
cent enrollment figures indicate that some 2,500 officer-trainees are 
currently attending classes. This enrollment is concentrated in 
ultra-high frequency techniques, basic science, and Diesel engine 
courses, which together embrace 75 per cent of our current enroll- 
ment of military personnel. 

It would seem from this review that the task before us is a 
large one. 

While the danger of its disapproval is remote, the Bill au- 
thorizing our new appropriation has not yet passed the Congress. 
Unless unforeseen curtailments are made, we shall have $30,000,000 
to meet the cost of the new program. This amount will be avail- 
able for the program as a whole, without the allocation to particu- 
lar fields that caused delays this year, when funds earmarked for 
courses in physics, and production supervision became exhausted. 

Many institutions have found the load of E. 8S. M. D. T. work 
heavy, and some have felt that we could operate without the de- 
tailed procedure that has been in force for the last year and a half. 
In recognition of this sentiment, we have studied procedures, pro- 
posals, and reports covering the period since the beginning of 
E. D. T., with simplification in view. 

Although considerable progress in simplification has been made, 
we have decided that much of the detailed procedure should con- 
tinue, in order that, when the office in Washington is closed, we 
do not go home leaving the institutions with such auditing prob- 
lems as plagued them at the conclusion of the last war. It has 
seemed better to have a clear record of each step taken so that the 
General Accounting Office will not find it necessary to go back 
over the accounts of each institution to insure that the money was 
spent legally and prudently. 

Our study of operations, and the experience of the last year 
have suggested four new procedures which, we trust, will prove 
mutually helpful. They are an administrative budget, a revolv- 
ing or working fund, a plan for recovering funds that are saved 
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from estimated costs of completed courses, and a provision for 
authorizing the repetition of approved courses by letter of appli- 
cation. 

The administrative budget, which is to cover a five-month 
period, will contain estimates of administrative costs for the in- 
stitution’s program. It will facilitate the work of analyzing pro- 
posals in Washington and establish pro rata amounts, chargeable 
to courses offered within the term to which it applies. 

The revolving or working fund, which will be supplied to each 
institution, is to cover the estimated cost of its courses for two 
months. This fund should make it unnecessary for the institution 
to draw on its treasury in anticipation of payments requested in 
final proposals. If the fund is to meet the purpose intended, how- 
ever, final proposals should be submitted promptly, to allow suffi- 
cient time for our processing and for the payment of costs by the 
United States Treasury. 

By modification of the operating budget sheet of the final pro- 
posal, provision is made for requesting the application of unused 
funds from completed courses, to meet a portion of the total cost 
of the course described in the proposal. 

The following up of trainees who successfully complete courses, 
to determine the result of the training, is an increasingly impor- 
tant procedure. This information is important to the Bureau of 
the Budget and the Congressional Committees who approve and 
recommend our appropriations. We feel that this need should 
be strongly emphasized. Perhaps it will be necessary to charge 
some individual at each institution with the responsibility for 
assembling and reporting such data. 

The Washington staff has been increased to insure that the 
time required to act on proposals will be appreciably shorter in 
the new program. This augmentation also provides additional 
field representatives to assist institutions in the solution of prob- 
lems which may arise in the conduct of their programs. 

Another item that you may find worthy of attention is the es- 
tablishment of procedures through which we hope to help the in- 
stitutions in obtaining high priority ratings for the purchase of 
equipment to be used in E. 8. M. D. T. The participating insti- 
tutions should use the greatest care, however, in planning the pur- 
chase of equipment containing critical materials, since these ma- 
terials will be needed by our armed forces and manufacturers will 
have many more orders than they can fill. 

If our recommendations are approved, the new program about 
which I have been speaking will be known as the Engineering, 
Science, and Management War Training program, since ‘‘defense’’ 
has become an unpopular term in this country. 
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In conclusion, it is hoped that our plans for the simplification 
of procedures and for further aid in the solution of problems will 
prove not only acceptable, but helpful to the institutions in the 
conduct of their courses, and that the new program, which is 
planned 50 per cent greater than that of 1941-42, will be as suc- 
cessful as those which have preceded it. 


The Case School of Applied Science.—In an effort to provide 
graduate training of a high character in the industrial sciences 
and to meet ever-increasing demands for engineers trained for 
Industrial Engineering, the Case School of Applied Science now 
offers a new graduate program leading to the Master of Science 
degree for non-engineering college graduates and the Master of 
Science in Industrial Engineering for properly qualified engi- 
neering graduates. 

The new program in Industrial Engineering will be conducted 
by the Graduate Committee of the Case faculty, Dr. Paul L. 
Hoover, chairman, in codperation with the departments of mechan- 
ical engineering and of engineering administration. Professor 
Gordon B. Carson, associate professor of industrial engineering, 
will be in charge. 

Subjects covered by the program include industrial engineer- 
ing management, industrial law, methods engineering and produc- 
tion control, government in manufacture, psychology and personnel 
evaluation, and minor studies of industrial plants, motion and time 
study, and industrial steam and power, the latter open only to 
graduate mechanical and electrical engineers. Classes will meet 
on Tuesdays and Thursdays at 9 p.m., starting immediately. 

Distinguished lecturers, selected from their particular fields of 
professional attainment, will be called upon frequently to assist the 
staff members of the Case faculty in presenting this program. 

To complete all requirements for this degree will require part- 
time study for five semesters, in addition to an acceptable thesis. 























ANALYSIS OF THE NEEDS FOR ENGINEERS * 


By A. M. GREENE 
Special Consultant, War Production Board 


Toward the end of February, 1942, a visit was paid to Wash- 
ington by President Hotchkiss of Rensselaer, President Rogers of 
Brooklyn, and Director Jones of Carnegie. They visited Mr. Don- 
ald M. Nelson and were turned over to General William I. Wester- 
velt. After that meeting, General Westervelt called me up in 
Florida and asked if I would not come to Washington to give him 
some advice on technical personnel. The letters and communica- 
tions which had preceded the meeting of the three representatives 
of educational institutions and the Director of the War Production 
Board were turned over to me, and from them I thought that the 
problem which I was given to answer was to ascertain the number 
of engineers needed for the war production when the roll of em- 
ployees went from five million to fifteen million, and so my results 
were based on that assumption. 

Of course, no information was given to me and I proceeded to 
search through Washington for reports from industry or from 
governmental agencies as to ratios. I therefore thought it would 
be right to prepare a questionnaire and on talking that over with 
C. R. Dooley, I was directed to the office of Mr. Hendricks of the 
Bureau of Labor Statistics, and I found that a very excellent ques- 
tionnaire had been sent out to industry regarding past employ- 
ment, present employment and future employment, asking for the 
total number of employees and the number of employees in about 
forty different categories, grouped under practically four main 
headings. Selective industries had been chosen, but at that time, 
there were only four reports which might be used, giving ratios of 
engineering personnel to total employees of one to two hundred 
down to one to twenty-six, and, of course, from such information, 
a report could not be made, and a report was needed. 

On going to the 1930 census report of the number of employees 
in various fields of -endeavor, I found the number of engineers 
and surveyors was 226,000. I then had to select from the groups 
of employees those with whom I thought engineers should be asso- 
ciated. The ratio which I obtained from that calculation was 
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fifty-one and a half employees per engineer, about 1.97 per cent. 
Later, it was thought advisable to endeavor to get more informa- 
tion from industry and certain other questionnaires were prepared 
in a letter form, and after approval, we received reports from com- 
panies with a total of 746,000 employees. These substantiated the 
data I had used before, because from this total (which was of 
December 31, 1941), the number of engineers to total employees 
was 1.8 per cent, a rather close coincidence, as I called it, in my 
report. 

The questionnaire sent out asked for the number of college- 
trained individuals in the four categories—Accounting, Auditing, 
Economies and Statistics; Engineering; Management; and Sci- 
ence, Physics, Chemistry, Mathematics, Medicine and Dentistry. 
In those different categories, the numbers averaged as follows: In 
the first group of Auditing, Economies and Statistics, 0.4 per cent; 
in Engineering, 1.8 per cent; in Management, 0.9 per cent, and in 
the Sciences, 0.4 per cent; a total of 3.5 per cent. 

From those figures, we could make an estimate which confirmed 
the first estimate made for engineers only. When we go from five 
million to fifteen million, on the assumption that half of the new 
number of employees on war work will be from transformed in- 
dustries we have only five million new members of the labor force 
to consider. The engineers needed would have been a hundred 
thousand on my original assumption but because the leading engi- 
neers are already employed I reduced my estimated number to 
70,000 for the new labor force. 

Before I prepared my report, the Civil Service Commission 
made a survey of six departments of the Government needing civil 
employees with engineering training. Their estimate for 1942 
was 11,746, so that in my report, I have said that at least 82,000 
new engineers must be found this year, and, of course, to get them 
was the next story. 

I do not look with any alarm on this matter of the number, 
the great number, needed. I think they can be found; I think 
they are in existence. To find, however, what was happening to 
the schools, another letter was sent out, asking for the numbers 
in the senior classes who planned to enter the Army, Navy, or 
industry, and those undecided. The reports came back to me with 
two additional categories: One, Civil Service, such as the Reclama- 
tion Service and certain of the Army Ordnance Bureaus where 
Civil Service men are used; and second those entering on teaching 
and graduate work. 

The strange thing that happened was that I found that for the 
classes of 1942, from the 147 schools to which I had written, I had 
received 147 answers. My total came out to 15,322 seniors of which 
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34 per cent—33.9 per cent, to be exact—are going into either the 
Army and the Navy; 55.3 per cent plan—and I purposely say that 
—to go into industry; 3.5 per cent into Civil Service; 6.6 per cent 
have not determined their future or had not determined it at the 
time of writing, which was in the latter part of March. Only 0.7 
per cent were planning for graduate study or teaching. That 
number should have been at least 10 per cent. 

From a study made by Dr. Marsh for the American Council 
of Education, reports indicate that by February, which, therefore, 
includes the members of the classes of 1942 and some of the mem- 
bers of the classes of 1943, 22,000 will be graduated from engi- 
neering schools. We will have available for all of the services 
about 22,000 men this year, and, of course, a third of them un- 
doubtedly will go into the armed services, others would like to go 
into industry, but they may be included in the Army as privates. 

Now, in that letter which was sent to the Deans who are here 
today—and I wish to thank you very much for your coéperation 
—I asked the question, ‘‘What is your experience with the Draft 
Board and the undergraduate?’’ I am pleased to say, that most 
of you state that you admired the way this difficult task was being 
successfully performed. There were only two institutions—the 
University of Alaska and the University of the State of Washing- 
ton—which complained in serious terms of the treatment of under- 
graduates. Dean Butler of Arizona in his first letter did not 
damn the Boards as much as he did in his second letter, and there- 
fore I had not included him in my first estimate. If we want to 
inelude that institution, that would be 3 out of 147. 

However, when it came to the treatment of graduate students 
and instructors, there was a long list of very, very serious condi- 
tions. One institution has already written to the Director of the 
War Manpower Commission, stating that if they wished to call engi- 
neering teachers into the Army (he has a great number of the 
reserve officers on his staff) they would gladly close up the insti- 
tution. Unless relief is given, they cannot go on. Excerpts from 
these letters which came in are included in my reports to Mr. Nelson. 

Now, with that background, how are we going to get the people 
needed in the industries as trained engineers? I would like to 
eall your attention to the fact that in 1940, the population of the 
United States was about 137,000,000 and those over fourteen years 
of age totaled over 101 million people. The labor force at that 
time, including the employed and unemployed, was 52,700,000, 
roughly, 53,000,000. 

At that time, there were 254,522 men who reported that they 
were engineers, and 14,792 surveyors, making a total of 269,000 as 
against 226,000 ten years before. Now, of course, these men called 
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themselves engineers, and there were many managers, there were 
many machinery salesmen, there were many insurance salesmen and 
others, who had had engineering training and did not call them- 
selves engineers at that census time. During the last twenty years, 
from 1920 to 1940, we have graduated in round numbers 200,000 
from our engineering schools. Of that group, in my opinion, 
from experience at two or three institutions, I think at least 15 per 
cent, if not more, of the number of graduates are out of engineering 
today, as such. They are using that engineering training, un- 
doubtedly, but from that group, I figure that we might have at least 
20,000 men; the group would be at least 30,000. From the col- 
leges, during this year, I count on only 15,000 out of the 22,000. 

For eliminations from the colleges, I have always taken 20 per 
cent of the class as failures. In other words, if I multiplied fresh- 
men by 80 per cent, I got sophomores; 80 per cent of sophomores 
gave me juniors; 80 per cent of juniors gave me seniors; and 80 
per cent of them gave me graduates. Some people think that figure 
is low. If we use for the percentage of eliminations as I wanted to 
use, 50 per cent, it means that 200,000 men did not graduate from 
our schools. If we use the figure that others prefer to use, of 66 
per cent, then 400,000 did not graduate. 

Now, of that 200,000 to 400,000, at least 20 or 30 thousand 
reached the senior class, and these men are available, with little 
training, if any. I have put as available from that group 16,000. 
Then, I believe, out of the 200 to 400 thousand men who did not 
graduate, less those who reached the senior year, we can get a 
number of men, and I have listed that group as 20,000. 

From the Science and Arts colleges, I think we can secure 8,000, 
because I have found from the U. S. Office of Education that there 
are about 218,000 in the senior classes. Out of that group, I think 
we ought to get 8,000 who could be trained for engineering. 

The Roster of Scientific and Specialized Personnel, which was 
described this morning, should yield to us older men, beyond this 
group from the classes of the twenty years from 1920 to 1940. This 
number I have put down as 6500. Mr. O’Brien of the Roster sug- 
gested to me that since the cities will have to curtail their improve- 
ments, we might secure a number from the offices of the city engi- 
neers. I put this group as 1500. 

Now, that is all very pretty. Of course, I wanted to come out 
with 86,000 and that is where I got it. It can be gotten. I 
think my premises are all right. I think the statements are good. 
But the question is, How are we going to find the men? Well, 
those of you who are in draft age, between the second or third, 
particularly the third one—have all had to fill out questionnaires, 
and for those who are not quite as old as I am but beyond the draft 
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age of 45, you may not have seen those questionnaires. They are 
in two sheets, largely similar to each other, except that one of the 
duplicates is perforated one-third down. That is the section which 
has on it, ‘‘Data regarding your education and particular training 
in science and engineering,’’ and also there is space to give your 
present employment. This section will be sent to the Roster for 
administrative use and for preparation of punched record cards. 

I firmly believe that when these are put on the punch cards, 
they can be run through the machine for men with some engineer- 
ing training, and those ecards separated. Then the same group of 
ecards which has been thus sorted out will be run through again, 
with present employment as the determining factor, and those with 
present engineering employment will be thrown out. The remain- 
ing cards will be for this group from which to find the groups total- 
ing 82,000 which I must find. I feel that we can find and we must 
find these numbers. 

Well, gentlemen, the reports which you have made to me, I have 
faithfully turned over to Mr. Nelson in the first place, and also to 
the Selective Service System, and I think they have gone to Mr. 
MeNutt. I am very glad that President Elliott has been brought 
into the War Manpower Commission to head the Division of Place- 
ment and Education of the Scientific and Technical Men. I have 
sent him copies of these reports. 

In those reports, I have quoted the sad news which you gave to 
me on the treatment received by your graduates and your teach- 
ing staffs. Of course, I have made recommendations but those do 
not come to you today. One of the last things which I brought 
before Selective Service was the need for a more explicit directive 
regarding the young graduate. Mr. M. M. Boring has had con- 
siderable trouble at Schenectady with draft boards of Iowa pulling 
men out after they have been employed, and with the General Elec- 
tric Company using form 42—A to aver that these men are neces- 
sary men in critical occupations. 

The directives are perfectly explicit, but the trouble is that the 
local draft boards and even some of the advisers of the state draft 
boards of the Selective Service System, will not read these direc- 
tives and will not properly interpret them. I have pleaded for 
the young graduate and pointed out that he is not a new man going 
into employment, but he has had four years of serious and close 
attention to the principles and the employers need such young men 
to train as their future engineers. If a company will specify or 
will certify to the fact that this man is a necessary man, what more 
should be needed? Of course, they feel that a boy from school 
cannot be of value to the General Electric Company, to use that as 
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an illustration, upon graduation, but all we have to do is to point 
to the past practices and present needs. 

I would like to say that in the reports finally turned in to the 
Bureau of Labor Statistics from these companies employing a total 
of 195,000 men, the percentage of engineers is one and a half, and 
that in about ten different ordnance plants, the total number of 
technically trained men in my four categories is 3.1 per cent, which 
quite closely agrees with that from other industrial practice of 3.5 
per cent. 

I trust this will give you some idea of what was done in response 
to this appointment. 











THE TASK OF THE ENGINEERING COLLEGES IN 
THE WAR EFFORT 


By WILLIAM L. BATT 


Director of Materials, War Production Board 


I have no address this morning. You see, this business of work- 
ing in Washington, as Dr. Compton can adequately testify, is a 
thing that at least takes all one’s time, whether it takes all of any- 
thing else or not, and writing speeches is a very difficult job for me. 
I felt, therefore, that you would forgive me if I came and talked 
informally about some of the problems of war production, with 
particular emphasis on the sort of problems which I think ought to 
interest a group of men concerned with the training of engineers. 

I heard somebody say that war was a great stimulus to technical 
progress. I spent some time yesterday with a group of rather 
thoughtful people, inquiring as to what this war might contribute 
to the United States in the way of technical progress. We re- 
viewed at length what had come out of the last war technically, and 
agreed that the country could hardly fail to receive a substantial 
technical impetus from this one. 

This is certainly a technical man’s war, as no other war has 
ever been. As one looks back at the history of wars, tracing them 
from their earliest days when combat was very much a matter of 
personal engagement between two people or small groups of people, 
up to the last war and finally this one, one is increasingly convinced 
that the technical man has at last taken over. In the first place, 
this war is making a demand on capital goods to an extent that no 
other war ever has. I am quite clear in my own mind that the 
effect of this war on the economy of the country is far more general 
and far more severe—or, indeed, promises to be—than in the case 
of any previous war. Before it is over, I am convinced that to a 
degree never heretofore experienced, every man, woman and child 
will be directly affected. 

The call on capital goods is, of course, extraordinarily heavy. 
Most people never contemplated the possibility of a national income 
of over 100 million dollars a year in the United States, and yet the 
national income for 1942 promises to approximate 110 million dol- 
lars. If the war lasts, the 1943 income is likely to be 120 million 
dollars. That comes about almost entirely because this is a capital 
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goods war, and capital goods bulk very largely in any economy. 
Because it is a capital goods war, the problems of construction and 
transportation become increasingly acute. 

Because of the lack of enough structural materials to go around, 
there is a strong pressure today all over the country to limit con- 
struction. I never thought the time would come when the United 
States would need to concern itself about wood. Of all material 
shortages which could be contemplated, the one which was least to 
be expected was a shortage of wood. And yet because of the neces- 
sity for eliminating steel in favor of wood in as much construction 
as possible, we find ourselves today in substantial areas of the coun- 
try with an acute shortage of wood. It is quite clear that that 
shortage will grow, and I fully expect that wood is likely some day 
to be rationed with the same degree of severity as steel and other 
metals. 

The excessive demand on steel is a phenomenon not entirely 
unexpected to some of us but quite surprising to others. Knowing 
that the United States had an ingot capacity of between 85 and 90 
million tons a year, the people who were in the steel industry were 
convinced—and quite sincerely convinced—that the country could 
by no stretch of the imagination require more steel than that which 
could be supplied by available resources. Now, today, as we look 
at the picture, it would appear to us that we could use comfortably 
an ingot supply of perhaps 110 million tons a year. This war is a 
hog for steel, and of course that is what makes it to a substantial 
extent a metallurgist’s war. I shall talk a little bit later about 
the particular contribution that the engineer has to make in the 
steel field, by way of meeting this shortage. 

And it is an engineer’s war in the air, because never before 
have we contemplated such a tremendous air possibility as we see 
today. There is, in the field of Radar alone, a tremendous demand 
for technical skills. 

The President’s statement of the other day has saved me from 
the necessity of being vague about some of the production accom- 
plishments of past months. I don’t think it is a military secret 
which will adversely affect the conduct of the war that we pro- 
duced four thousand planes in the last month; indeed, I think, as 
the President so emotionally expressed, that that information does 
much more adversely to affect the morale of our enemies, because 
four thousand planes, and a bigger percentage of those in the form 
of combat planes and heavy bombers, is a remarkable production 
record. Certainly it is the largest production of any nation in the 
war, and the striking thing about it to the public is that it repre- 
sents only one step in the ever-rising production curve. If you will 
go back and look at the monthly production figures which were 
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given rather freely in the fall and early spring, it will not require 
any special magic for you to see that the figure of four thousand 
planes will be very largely exceeded as the months go on ;—and so 
with guns and tanks. Fifteen hundred tanks a month, the bulk of 
them the medium tank, weighing approximately thirteen tons, is a 
substantial production accomplishment. I think it is perhaps not 
quite as remarkable as the aircraft accomplishment, but it is a 
real one. 

One of the striking requirements of this war has been its in- 
satiable appetite for machine tools. I do not remember the precise 
figure of machine tool production in the years preceding 1939, but 
as I recall, the average of 1935 to 1939 was not far from 100 million 
dollars a year. In 1939, if I remember correctly, it was 200 million 
dollars, in 1940 about 400 million, and in 1941 800 million. In 
1942 the figure promises to be in the neighborhood of a billion and 
a half dollars. That is the record of an industry which has doubled 
its production year after year,—and still there are not enough 
machine tools. One of the reasons for that shortage is the same 
reason that applies in the case of steel and so many other materials. 
The United States is the arsenal of democracy, to be sure, but it is 
also the supplier of the other democracies’ arsenals. Russia and 
the United Kingdom, Australia and Canada, all of these countries 
want our machine tools as badly as they want our steel. That 
record of doubled output is a fairly common one throughout Ameri- 
can industry and it has certainly been made possible largely 
through the contribution of engineers. 

On this matter of plant construction, I said a moment ago that 
the shortage of materials had made it imperative that as few critical 
materials as possible should be used. It seems odd to see a modern 
plant going up today almost entirely of wood. I wonder if any 
of us would have thought that possible a few years ago? The rea- 
son for it, obviously, is that we do not have enough structural steel. 

Our shipbuilding program and other similar programs, in which 
substitutions cannot be made, are heavy users of structural steel, and 
of course construction itself has constituted a very heavy demand. 
I carry these rough proportions in my mind: a ton of steel plate 
takes about a ton of structurals in ordinary construction. In ship- 
building construction, a ton of steel plate requires only about a 
quarter of a ton of structurals. But all together, the present re- 
quirements of the country call for about half as much structural 
steel as plate, and there is not enough rolling capacity to turn out 
these very large quantities. That is why the minimum use of criti- 
cal materials in plant construction is so necessary. 

I have touched very briefly on steel, but I want to add that in 
my judgment the greatest single field in which the technical man 
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ean make a contribution today is in the better use of steel. We 
have been a wasteful people in its use. We have always thought 
we had all the steel that could be required. We have never had to 
economize in its use. And so the realization that either we must 
make a limited amount of steel go as far as possible or else elimi- 
nate it entirely from many types of production comes as a decided 
shock. 

The greatest shortage has been in the field of alloy steels. Our 
nickel has all come from abroad, as you know. Fortunately, it has 
come only from Canada. Most of our alloys, with the exception of 
molybdenum, have come from abroad. Practically all of our man- 
ganese, most of our chrome, most of our tungsten, a good part of 
our vanadium, have come from abroad, and we have been profligate 
in the use of these alloys. The assumption has been that if a 
little was good, more was better. In steel-making, if 1 per cent 
of nickel would have been enough to give adequate performance 
under careful handling, to be on the safe side we put in 2 or 3 per 
cent. It didn’t do any harm and it gave a wider latitude in opera- 
tion. That is quite understandable. But now, with the demand 
for nickel exceeding the supply by roughly one-half; with the de- 
mands on tungsten not so greatly in excess of supply but still sub- 
stantially so; with the need for molybdenum considerably in ad- 
vance of our molybdenum supply, it becomes imperative that engi- 
neers scrutinize every specification and reduce to the least possible 
amount the critical materials which that specification calls for. 

And I assure you, with all the sincerity at my command, that 
the most abundant new sources of critical materials lie above the 
ground, and they lie in the area of liberalized specifications. If a 
steel which has had 3 per cent of nickel can be made to function 
just as well (as in many cases it can), with 1 per cent of nickel, 
then obviously the saving is a substantial one when added up over 
the country. 

I want to emphasize again that there is nothing I know of today 
that the engineer can do which is of such immediate importance 
toward winning this war as to review every specification that lies 
under his direction, and to reduce to the least possible amount the 
critical alloy content of the materials specified. 

Most of our guns, tanks, and the other things that an army uses, 
have been developed and manufactured in peacetime, and not al- 
ways with the best knowledge which the industries of this country 
might have afforded. The result was that because many of these 
things were necessarily made in small quantities (due to the fact 
that appropriations in peacetime for the Army were always small) 
the designs and the methods of manufacture were not always suited 
to mass production. We still find many instances—less and less 








186 TASK OF ENGINEERING COLLEGES IN WAR EFFORT 


of them, to be sure, as the months go along—of rods forged into 
something where tubing or stampings ought to have been used; 
heavy forgings where castings and stampings ought to have been 
used. Of course, that design question has gotten us into a great 
many material difficulties quite unexpectedly. 

Let me take the case of a breech block for a small cannon. The 
bill of materials will show that that breech block weighs twelve 
pounds; and so when the Services add up their requirements for 
steel, they are very likely to put in twelve pounds as the amount 
of steel in that breech block. As it was originally made, however, 
it was made from a forging that weighed fifty-eight pounds—and 
that detail rarely comes out in the requirement figures. You sud- 
denly find yourself with a steel requirement for that breech block 
almost five times what the bill of material shows. You say that 
that shouldn’t happen. Yes, I agree with you; but in moving over 
from peacetime to wartime, these lacks of efficiency are turning 
up at every hand, and are, to a substantial degree, contributing to 
the lack of an adequate material supply. 

What seems to me to be more needed in wartime than in any 
other time is the technically trained mind with imagination. If 
there is any quality which I think we engineers and business people 
have lacked in war, it is imagination. I am sorry to have to say 
that my judgments and the judgments of my business friends as 
to what the requirements of this war would be, have sometimes been 
not so realistic as the judgments of men who had no experience in 
industry. The trouble was that we knew all the answers, and it 
seemed impossible to conceive of those things happening which have 
happened. 

The kind of analytical mind which was not particularly troubled 
with past experience but which could reason from one thing to the 
other, could and did, in a number of instances, see the requirements 
of this war in far more accurate terms than we people from indus- 
try. It always interests me to see how their logic developed. They 
always started out with the question that if this were a full, all-out 
war with everybody working and everybody contributing something, 
about how many hours a week would they work, and about what, 
at the going level of prices, would be the dollar value of their con- 
tributions? And, finally, they found themselves with a figure such 
as 110 billion dollars for 1942, which in the year 1940 was a per- 
feetly shocking proposal. That 110 billion dollars, converted back 
into terms of materials, said that we ought to have a hundred mil- 
lion tons of ingots and that we ought to have twenty million pounds 
a month of nickel, and so on,—perfectly logical conclusions, but 
conclusions almost intolerable for those businessmen without ade- 
quate imagination, 
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And so I repeat that the erying need is for the man with both 
technical training and imagination. If there is one thing which I 
think the universities who are turning out technically-trained men 
ought to try to develop, and which I think perhaps they do not give 
enough emphasis to, it is the ability to think independently and 
with imagination. 

In the chemical field, I do not need to go into detail. I merely 
want to touch on one possibility which appeals to me very greatly, 
and that is, the utilization of the products of the soil and the forest 
for industrial purposes. I am convinced that that offers one of 
the great possibilities of the future, because many of our raw mate- 
rials are likely either to run out or at least to decrease in quality 
and availability, so that substitutions will have to be made—substi- 
tutions of plastic for steel, for example. That is a perfectly reason- 
able expectation, I think. 

Throughout all of these last six months, and, I am sure, through 
the rest of the war, we have found and shall find the unceasing 
demand for more and more materials. People ask me whether 
there is enough material to win the war. Certainly there is enough 
material to win the war, but it has to be well used. One of the 
great problems is getting a war program adequately planned in 
terms of the availability of materials, and there, again, is an oppor- 
tunity for the technically-trained man. 

What we are actually doing is shifting over in a rather short 
time from peacetime production to wartime production. We need 
to set up a whole new inventory line. The problem of supplying 
a war industry is not alone one of supplying enough material to 
make a thousand guns per month or a thousand planes per month 
this month, but it is one of providing inventory material in process 
at the rate at which you wish to turn out finished goods two, three, 
four, or six months hence. Looking at it in another way, if we 
consider the production of ten thousand planes a month (which 
would be about the average for 1943) we have one thing, but if 
we go into 1943 with something less than ten thousand planes a 
month, then, obviously, we must go out of 1943 with a considerably 
higher rate. That means that the economy of the country will have 
to be geared up to produce, not the average for the year, but the 
maximum, which will be turned out in the last of the year. And 
that, in turn, means that early in the year we will have to supply 
the materials for those last months’ production. You can see the 
effect of that in terms of inventory. One month’s requirement on 
a level keel is very simple, but if the rate is rising, then the one 
month flow time—or what is much more usual, two, three, four, or 
six months—produces very great increments of additional amounts 
which must be provided. That is our problem today. 
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I have predicted before and I want to say it every time I get 
the chance, that there will be many times during the months to come 
when plants in this country will not have materials with which to 
operate. There will be times when shipyards will be down for lack 
of steel ; there will be times when ammunition lines will be down for 
lack of copper. There are several reasons for that. One of them 
is that the extent of new facilities which was provided, I think, will 
turn out to be larger than was actually necessary. 

The reason for that is clear. The only knowledge that the peo- 
ple who were ordering this equipment had as to what the produc- 
tion rate for a given item would be, was such knowledge as they had 
gotten from the past. Let us say it took sixty man-hours to turn 
out a machine gun. All right, that means so many men at so many 
square feet of floor space and so many machines. And what has 
happened? American industry in many of these fields is knocking 

the spots out of any previous production records. Breech blocks, 
which took ten hours to make, are being turned out in a fraction 
of an hour by modern automobile methods, and so on; and we are 
finding ourselves in some areas with a production rate far in excess 
of anything that was ever expected. 

That is fine, but of course that plant will, accordingly, need 
whatever additional amount of materials is represented by its in- 
creased production. If it is turning out twice as much as was 
expected, it wants twice as much material. Those materials are 
not available, because this whole program was laid out pretty well 
within what was expected to be the maximum amount of materials 
available. 

And so we shall find times through the year—and I hope, when- 
ever you hear about it, you will be fully prepared—when at one 
point or another, there will not be enough material. But I think 
that is a good thing, because war has such shifting requirements. 
It cannot be fought on a fixed pattern. At one time, the President 
may want all the ships he can possibly get and it may be that 
every pound of steel that can be used in the building of a ship 
ought to go there, and at another time, the emphasis may be on 
tanks, and at another time, on one type of fighting aircraft. In 
any such case the full manufacturing facilities, as far as they can 
be directed, ought to be directed at that objective. 

The unfortunate by-product of this condition, however, is that 
men will stand without work in some cases where a plant is par- 
tially shut down. That we have to count as one of the casualties 
of war. I do not have to remind you that there is nothing rational 
and nothing constructive about war, so if people are out of work 
here and there, that is something we shall have to expect. I think 
it important that the public be warned, because now the difficulty 
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is that we have been driving the country for more and more produc- 
tion. "We have been asking people to give up their holidays, we 
have been asking them to work longer hours and more shifts, and 
it won’t be easy for any group of them immediately affected to 
understand why they should have to slow down. The answer will 
be that there are not enough raw materials to go around. 

However, with the improvement in specifications which the engi- 
neers of the country, both in and out of the Services, are contribut- 
ing in such excellent degree, we need not be strapped for materials. 
The amount which the United Nations have at their command is, of 
course, so greatly in excess of the amount that is available to our 
enemies that I cannot take any other position than that there is 
plenty of material to win this war, if we technical people are pre- 
pared to continue to make more efforts than we ever thought would 
have to be made to direct that material into the proper channels. 

Dean Greene told me not very long ago that he thought the de- 
mand of industry for engineers would approximate some 80,000 
men this year, and of the Services for some eight or ten thousand 
additional. I used that last figure experimentally with a high- 
ranking Army official, asking him if he thought it was about right. 
He said he thought it was very much understated; that the Serv- 
ices would require something more like 20,000 engineers a year. 
However we may look at it, this is a war that is going to take all the 
technical people we can get, and I have no fear of any overproduc- 
tion of engineers on the part 6f the technical institutions of our 
country. 


Discussion 


F. L. BisHop: Mr. Chairman, I would like to start the discussion. 
What is the situation with regard to aluminum at the present time? 

Mr. Batt: Aluminum was supposed to be the national head- 
ache, and yet I guess that the time will come when we will have less 
trouble on aluminum than on almost any other raw material, be- 
cause, fortunately, aluminum is a thing which we can make. We 
started out in 1940 with an available supply of between 350 and 
400 million pounds a year. The present plan of production calls 
for 2,100,000,000 pounds in the United States, to which is to be 
added somewhere in the neighborhood of 450 to 500 million which 
will be brought in from Canada. I am perfectly satisfied that alu- 
minum will not be the controlling bottleneck (to use that hated 
word) in the military program. Nor do I think we shall have any 
serious problem with magnesium, because the production rate which 
in 1940 was about a million pounds a month will by the spring of 
next year be 50 million pounds a month. 
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A. L. Wiuutston [Boston, Mass.]: Mr. Batt, is there any pros- 
pect of our developing to any considerable extent our own sources 
of manganese and decreasing the necessity of shipment? 

Mr. Batt: Processes for beneficiating our low-grade manga- 
nese—we have manganese in the country, plenty of it, but it is low- 
grade—have, with very considerable help from the National Acad- 
emy of Sciences, been developed, and to date there are outstanding 
contracts which lead us to believe that in 1943 we shall get in the 
neighborhood of 300 to 400 thousand tons of manganese from do- 
mestic sources. It may well be that that figure will be somewhat 
higher. I don’t anticipate, however, that the United States is ever 
likely to be self-sufficient in manganese. Brazil is a large supplier 
of manganese, and the problem of shipping it here is not as serious 
as the problem of getting it from our regular peacetime sources— 
Russia, Africa, and Turkey. 

The same situation applies to chrome. Practically all of our 
chrome has been imported, and from about the same sources—in- 
cluding the Philippines. Most of these sources, except Africa, are 
no longer available and we are again developing Montana chrome 
by modern metallurgical beneficiation methods. As a result we 
should be able to obtain a large part of our chrome requirements 
here in the United States. 

James K. Fincu [Columbia University]: I would like to ask 
Mr. Batt if he doesn’t feel that through these changes that are 
being forced upon us now, we are going to have changes that will 
affect our development and our future work in construction and 
engineering in the years to come? We are getting new standards 
and new materials; shouldn’t we be looking forward to rather 
fundamental changes in our work. 

Mr. Batt: I should think so. In the first place, in the auto- 
mobile field, to take one of the most obvious, our engines have been 
developed around the use of 70 to 80 octane gas. When this war 
is over, we shall have an abundant supply of 100 octane gas, and 
many of you here in the room know better than I do how much 
smaller an engine can be made if it has 100 octane fuel than when 
it has the lower grade fuel for which it is normally designed. 

With plastics, magnesium, and aluminum for engine and body 
design, there will be possible a wholly new kind of automobile. I 
haven’t any idea what kind of an automobile it will be, but I am 
sure it will be very different. And so on through the whole range 
of design. 

If you think of the aluminum supply in the North American 
continent in terms of three billion pounds after 1944 against a total 
supply of around six hundred million last year, you have an idea 
of what a tremendous excess of light and strong material there will 
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be. I don’t know, of course, what trends these changes will take, 
but it calls for, as I said a moment ago, that kind of training which 
is as imaginative as it can be. 

Dr. WILLIsToNn : May I ask another question? What is the situ- 
ation regarding the high octane gas at the present time? 

Mr. Bart: The Petroleum Coérdinator’s Office has a very large 
program of construction under way which, as far as I know, is 
going along about according to schedule. I have no doubt but 
that there will be enough high octane gas available when we reach 
peak production of aircraft. 

E. B. Roperts [Westinghouse E. & M. Company]: Will you 
comment, sir, on the problem of the rubber situation? 

Mr. Batt: You know, that is the funniest, the most interesting 
thing, because every place I go, that question arises. You have 
been told more about rubber than any single thing and you won’t 
believe it. Of course, that is in no sense personal. I came up yes- 
terday with one of our most distinguished Senators whom I know 
very well, and he said to me, ‘‘Now, will you give me the low-down 
on rubber?’’ I said to him, ‘‘You’ve been told time and time 
again, Senator, and [’ll tell you, but I don’t know whether you will 
believe me any more than anybody else.’’ 

The reason, of course, is that we don’t want to believe the facts. 
We have heard them often enough. When I tell you that in my 
judgment you will not get any rubber for civilian use during this 
war, you won’t believe that, but when some crackpot comes along 
and tells you that he has something you can make in a bath tub, 
you have the same faith in it as you did in bath-tub gin during 
Prohibition. 

The United Nations—and these figures are public information— 
had, with the loss of the Indies, something over six hundred thou- 
sand tons of crude rubber. The United States alone used in the 
year 1940 around eight hundred thousand tons of erude rubber, 
and somewhat more than that in 1941. 

Our military equipment is built around rubber. The treads of 
our tanks have been rubber-mounted. That was not true of the 
tank treads of any other country. The roller spindles have been 
rubber-mounted. Wherever you turned, we had rubber. We had 
so-called run-flat tires. That was a tire that could be shot with a 
cetain number of bullet holes and still have, I think, two hundred 
miles of life, safe running. The Army, having plenty of rubber, 
was a profligate user of rubber. 

Now, there isn’t nearly enough rubber in sight to supply the 
military needs of the United Nations, and so they have had to 
economize wherever they could. In England, as an example, there 
are either one or two days a week when no rubber-tired vehicle 
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can move in any camp. Of course, they stagger the days. None 
of the services of supply in a military camp in England—that is, 
garbage and food and that sort of thing—can move on rubber. 
That gives you some idea of the lengths to which they have gone. 

Therefore, with the greatest of economy in the use of rubber and 
with the most optimism we can have with respect to synthetic rub- 
ber, there will be enough rubber for our military program, but in 
my judgment none for unnecessary civilian uses. 

The real problem comes in the case of the war worker. How 
is he to get to the shipbuilding plant? There, I think the answer 
must be found in the best use of existing rubber. There are a 
million tons of rubber running on the road today, and the problem 
is how to save that rubber so that it can be used to the best ad- 
vantage. Reclaimed rubber, of course, offers some possibility, but 
we are using twice as much reclaimed rubber today as is coming 
into the market, because you and I are hanging on to a tire that 
has a hundred miles of use left in it, whereas we used to throw it 
away after ten thousand miles of use. The maximum of reclaimed 
rubber will be required in order to provide enough reclaimed to 
mix with the crude for absolutely essential civilian use (and there 
is some of that) and the military; and for those of us who have 
unessential driving, we will get no more rubber than that which we 
have on our tires. And so I pray of you, and of the audiences you 
control, that driving shall be reduced to a minimum, and that speed 
shall be kept low and air pressure high. 















A CHANCE AND A CHALLENGE * 


By WILLARD CHEVALIER 


Publisher, Business Week 


While we are sitting here tonight in comfort and plenty, my 
mind and my heart are far from here. They are with young 
Americans who are not sitting in comfort and plenty. They are 
in Northern Ireland and in Australia, in Burma, in China, and in 
Egypt. They are on the land, in the air, and on the seas. And 
they are deep in the dark seas from the Arctic to the Equator. 
And I am thinking that we are able to sit here only because they 
are there. They are there for us. They are doing a job for us. 
They are putting to the touch all that they have, all that they are, 
and all that they hope to be—and doing it for us. So I think that 
before we talk about anything else, we should pay tribute to them 
for what they are and for what they are doing. 

You are producing one of the prime requirements of the great 
job that we have undertaken as a nation. You are training the 
technical manpower of the nation. After all, modern war is tech- 
nical war, whether it be waged on land, at sea, or in the air. And 
it is modern industry that makes possible that kind of war. We 
are fond of repeating that modern war is industrial war—war of 
technology. But we are prone to forget that this technology begins 
in the laboratories and workshops of industry and that we find 
there the primary need for the services of our engineers. 

The men at the front have had to become engineers of a type 
in order to use éffectively the instruments that are forged by in- 
dustry for their service. But back of them, on the home front 
is industry—the fourth estate of modern war. And the techni- 
cians of industry are engaged in the vital task of outguessing the 
technical prowess of our enemies, of bringing to bear upon the pro- 
duction of our weapons all of the skills and genius and capacity 
that American technology makes available through its engineers. 

Sometimes I wonder whether in our zeal to recruit the young 
men who are to officer our armed services, on land, at sea, and in 
the air, we are giving due consideration to this vital fourth front, 
without which much of the blood that is shed and the sacrifices 
that are made on the other three fronts is bound in some degree 
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to be wasted. I can understand, of course, why the armed services 
want and need many of the young men who are being graduated 
from our technical schools to serve as officers at the front. But 
I ean see also the need for competent officers on the fourth front. 
I can see that we are going to need some of the ablest men that we 
can produce in these institutions of yours in research, in product 
development, in design, and in production. We shall need them 
badly if the fourth front is to measure up to the needs of the other 
three and if we are to match against the technical capacity of our 
enemies the best that we have to offer, rather than what we may 
have left after the needs of the armed services have been met. This, 
it seems to me, is a serious problem that now confronts us. 

I, naturally, have a deep sympathy with the needs of the armed 
services. Nobody can gainsay their prior claim upon the general 
manpower of the nation. But it is up to those who are responsible 
for administering our manpower to decide how they should ap- 
portion most effectively and fruitfully the trained technical man- 
power that is available. 

I know that that problem must be a matter of grave concern to 
all engaged in allocating our manpower, and I am confident that 
whatever is done will be done with the best of intentions. And 
I hope that it will be done with the best possible results for the 
situation as a whole. But I hail you, the engineering educators 
of the country, as the men who are primarily responsible for pro- 
viding the trained technical men we need, whether it be at the bat- 
tle front or on the vital fourth front of industry where we must 
produce the weapons needed for victory on the battle fronts. 

I think the most dangerous fifth columnist at large in this 
country is the notion that we cannot possibly lose this war. For 
the last six months, I have had to play the réle of a Jeremiah. I 
am not naturally cast for that role. But as I have roamed about 
this country I have felt that there was entirely too much taking 
for granted. We all had the idea that time would work with us. 
But time is a fickle jade. Time will work with him who will work 
her hardest. Time will be on the side of the one who knows how 
to use time most effectively. Whether or not time works with us 
depends entirely on how effectively we use time—that priceless 
ingredient of victory. 

No amount of money in the world can buy a minute of time. 
Time can be bought only with brains and brawn and blood. And 
the more of it we can buy with our brains and brawn the less we 
shall have to buy with the blood of our young men. God knows 
that every American who has anything to do with the war effort 
in any capacity should see to it that our brains and brawn are spent 
freely and to the utmost in behalf of victory. 
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As a springboard for what I have to say this evening I should 
like to take three facts. The first fact is that about thirty-five 
years ago, a very distinguished educator proved beyond a doubt 
that a World War was an economic impossibility. That was thirty- 
five years ago. Within ten years, he had a chance to recast his 
appraisal. That is the first fact. 

The second fact is that ten years ago, we were assured by a very 
eompetent authority that Germany and Japan were broke and 
they just couldn’t wage war, that it was not economically possible 
for them to wage war. 

And the third fact is that ten years ago, you and I were going 
up and down the land, wondering what we were going to do with 
all our young engineers. We were told that we were not going 
to need them any more, that the country was all built up, that 
we had a ‘‘mature economy.’’ We had built everything that was 
going to be built; in fact, we had so excessive a productive ca- 
pacity that from then on, we needn’t worry about increasing our 
production facilities; our only concern was to divide up our pro- 
duction more equitably. And many of the young men of my ac- 
quaintance who were studying engineering came around to borrow 
my crying towel so that they might fitly celebrate the years that 
the locust had eaten. 

I mention those three facts to make two points: First, that I am 
very leary of economic impossibilities, because I doubt there are any 
such things. Second, I am very leary of any doctrine that pro- 
fesses to teach that the function of multiplication is obsolete. 

So long as men have the creative instinct, they will continue to 
make new things and better things and more of them. And only 
so long as they have that creative instinct, will they be men. When 
they cease to have it, it won’t make any difference because the 
race will have been washed up for reasons that have nothing to 
do with our economic theories. 

When I approached the matter of the longer range problems 
that will confront our country at the end of the war, and the part 
that engineers must play in solving them, I admit that I flunked 
right off. I took a great, big, round zero, because I don’t know 
the answer. I don’t know what is going to be the complexion of 
our nation and our economy after this war. I am very suspicious 
of anyone who professes to know. 

Nevertheless, we do have to do some speculating and thinking 
about it. We do have to try to glimpse the shape of things to 
come, in order that we may make reasonable plans for the future. 
But tonight I shall not attempt to draw my pretty picture of 
what the future will be like, but rather try to indicate some of the 
things we should not take for granted as we shape our individual 
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pictures of things to come. That is why I recalled that ten years 
ago we were told that Germany and Japan were economically 
bankrupt and therefore could not wage war. 

And I should like to say also that I am convinced that a great 
many of the notions that we took for granted ten years ago as to 
what was economically possible and impossible must go into the 
discard. We must face the possibility of there being a new set of 
economic values with which we shall have to cope and under which 
we shall make our plans, reach our decisions, and carry on our 
work. 

Let me illustrate what I mean by that. For many years, we 
have lived under a financial economy. The considerations of finan- 
cial security, financial solvency and financial profits have been the 
dominant considerations governing our productivity. But Ger- 
many and Japan were hampered by no such considerations. They 
were broke. All they had to do was to convert the genius, the 
skill, and the energy of their people into instruments of war. 
Finance was a minor consideration. I think it was Adolf Hitler 
who said to his people, ‘‘Our capital is our ability and willingness 
to work.’’ And he mobilized the genius and productive capacity 
of his people to produce—but unfortunately to produce the instru- 
ments of war and destruction. 

But the world has taken notice of what was done in the name 
of destruction against the day that we resume our constructive ac- 
tivities. And the world is wondering today whether we can learn 
anything from that mobilization of a nation’s resources for war, 
whether we can likewise mobilize such resources for greater abun- 
dance and higher standards of living. 

Today I am convinced that regardless of what may have been 
considered as economic or uneconomic, the American people are 
never again going to tolerate nine million, ten million or eleven 
million unemployed people in this country. We must find a way 
to keep our people at work because they are going to say, ‘‘ You 
could mobilize us for the purpose of waging war and for produc- 
ing the instruments of destruction. Why aren’t you smart enough 
to mobilize us for the purpose of producing the things that will 
make for a richer and more abundant life for us? You found 
ways to put us to work to produce things to destroy life and wealth. 
Why can’t you put us to work to produce the products of peace?’”’ 

We shall have to answer that question. We shall have to find 
a way out of idle factories, non-productive facilities, and idle peo- 
ple who must go without things that they want and need. We 
must be smart enough to do it. If the conventional measures by 
which investors have been accustomed to insure the security of 
their capital and the return on their investments should actually 
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interfere with our doing that, we shall have to devise new meas- 
ures by which to conserve the investor’s interest. For we must find 
some way to mobilize the productive resources of the nation, so 
that we can do our work in time of peace as effectively as we do it 
in time of war. 

How? I don’t know how. All I say here is that we must find 
a way. And when I say ‘‘we,’’ I mean the American people as a 
whole—everyone who has a place in our government, in our s0- 
ciety, in our economy. That problem is going to be on our door- 
step, leering frightfully at us, on the very day that peace comes. 

Now, of course, if any one man can solve that problem, if any 
one man has a duty to perform in meeting that challenge, it is the 
engineer and his associated technologists. For many years, I have 
heard much talk about the proper place of the engineer in our 
society. I have heard a great deal about how the engineer should 
do this, should be recognized as that, how he should have the lead- 
ership. I have never altogether subscribed to much of that talk; 
because I have never believed that leadership is a right. Leader- 
ship is a power. It will be exercised by those who are capable. 
The fact that a man is a doctor, or a lawyer, or an engineer, or a 
politician, or a clergyman has nothing to do with his leadership. 
That is simply an indication of his special training. He will be a 
leader who has and applies the qualities of leadership. No matter 
what may be his training, or background, or walk in life, that man 
will be a leader who can and will lead. And many engineers have 
led, not because they were engineers but because they were leaders. 
They have led us in many fields and they have shown greatness in 
leadership. 

But, it is worth remembering in this connection that we may 
not all be leaders. Let us not forget that to get anywhere, we need 
an awful lot of followers. To me it always has seemed futile to 
preach to our young men, ‘‘ You are being trained to be leaders.’’ 
Because I often wonder who is going to follow? Somebody has 
to follow. We cannot have a lot of generals and admirals and 
nobody in the ranks. And we need a lot of followers. We need 
a lot of men who are not leaders—who don’t want to be leaders— 
but who want to do an honest day’s work in the fields to which 
they are called, who want to perform as technicians, to do the job 
that they are called upon to do as effectively as possible. 

That does not mean, incidentally, that they should wear blind- 
ers and never get a glimpse of the big thing of which they are a 
part. No matter how narrowly specialized a man may be, he is 
going to be a better specialist if he can catch a glimpse of the whole 
of which his work is a part. 
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So, if we are going to take the chance and meet the challenge 
that now faces the engineering profession we shall have to produce 
engineers who’ will be equipped to serve competently, whether as 
leaders or as followers. 

Fortunately we no longer must work in an atmosphere of doubt 
as to whether we need our engineers. Today the worry is how fast 
we can turn them out. And our job now is to keep everbody 
worrying about that after this emergency is over. How are we 
going to do that? We shall do it only by giving the world engi- 
neers that can do the kind of work that will be required of them 
in their time. That is our job. 

But the production of engineers is not a routine, mass produc- 
tion proposition. When you give a man his diploma as an engineer, 
you have no idea what he is going to be working at five or ten years 
later. What that diploma means is that you have given him a 
certain course of training and a certain fund of knowledge. You 
have developed in him certain habits of approach and analysis in 
dealing with situations and problems. With that equipment he 
is going to carve out his own destiny. I think it is unfortunate 
that too often we have restricted the vision of our graduates. 

As a young man, an engineer was to me only one thing. So I 
chucked up several jobs, one after the other, because no one asked 
me to design a bridge. To me an engineer was a man who designed 
bridges. That is what I thought I was going to do. And when 
my employers insisted on my doing other things which, as I look 
back over the years, probably would have been to my advantage if 
I had learned to do them, I quit to go some place where I could get 
a chance to design bridges. Incidentally, I ended up by designing 
subways! 

The point I would make is this: If we are going to help the 
young engineers who are coming out of our schools to meet the 
challenge of the post-war period, the very best thing we can do 
for them now is give them the most thorough fundamental train- 
ing that we can in the science and technique of engineering as a 
whole. Then it is our job to help them size up the new world they 
are entering and see the variety and diversity of the places into 
which they can fit their special training and aptitudes. I shall 
take the time that is left to me to illustrate specifically what I mean. 

I think we all believe that governmental operations from now on 
are going to require more and more technical engineering service. 
Government is bound to take an increasing part in the provision, 
maintenance and, in some cases, the operation of many facilities 
that we regard as engineering. 

Once upon a time, government simply meant the exercise of the 
police power of the state. The purpose of a constitution and a 
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democratic government was to preserve the individual rights and 
liberties of the people. It was a purely political function. Effi- 
ciency didn’t enter into it at all. There is nothing about govern- 
ment per se that is at all concerned with efficiency. 

Court procedure for example, represents the state in the act of 
trying to preserve the liberties of the individual to the utmost 
degree. Every consideration of efficiency is thrown to the winds 
in order to maintain the liberties of the individual. That is a po- 
litical function—the function of government. 

But gradually, over a period of years, society—not government 
—has decided that it wants to do certain things collectively. And 
more and more of those functions that it wants to perform col- 
lectively have touched upon engineering—supply of water, fire 
protection, sanitation, flood control, irrigation—I might go on and 
call the roll of all those great engineering functions that have come 
more and more to be a function of—what? Government? No, 
not at all. But because they have been community functions they 
have become functions of governmental agencies and bureaus of 
one kind or another. And because these agencies have come under 
the control of government, those at the top, the political agencies 
that have dominated them, seldom have had the same incentives 
to efficiency as the technicians who have been immediately respon- 
sible for their conduct. 

That is the reason why so many of the engineers engaged in 
governmental engineering work seldom have a chance to do as 
good a job as they would like to do. Too often they must work in 
a political atmosphere that is not conducive to the kind of effi- 
ciency that they, as engineers, would apply to their specific func- 
tions. 

Now what does that mean in terms of the challenge and the 
times ahead of us? To me, it means that we shall have to have 
more engineers who will be competent in every respect to become 
the administrators rather than merely the technicians of these 
functions. I don’t like that word ‘‘merely.’’ Someone else said 
that here tonight, too, and I registered mentally against it. But 
here I am, doing the same thing. There is no ‘‘merely technicians’’ 
about it. But we shall have to train a generation of engineers who 
will be technicians plus, who will be in fact public administrators 
in the broadest sense of the word. They will be engineers first, 
but they will be so adept in the field of politics, without being pro- 
fessional politicians, that they will know their way around. They 
will be able to meet the politicians on their own ground and deal 
with them effectively in behalf of the public that they are serving 
as administrators. 
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You cannot create men like that by simply waving a wand over 
them. We shall have to develop in the engineers who are headed 
for government and public administrative service an understand- 
ing of what it takes. Some of the ablest engineers that I have 
known in public administrative jobs may have forgotten how to 
use a slide-rule, but they did know how to deal with politicians, 
how to get results and how to get their work done honestly and 
effectively. 

More than once engineer friends of mine have wept upon my 
shoulder because of their-troubles with politicians. They had been 
turned down and in some cases thrown out. And when they told 
me their stories and concluded by asking ‘‘Wasn’t I right?’’ I 
answered, ‘‘Yes, you were right. So what?’’ 

But the engineer never is right until he gets his job done. We 
never are right until we get results. We can be technically right 
and yet fall short, because we haven’t got what it takes to see the 
job through to fruition. I am thinking right now of a couple of 
engineers I have been privileged to have as my friends. They 
shall be nameless here, but they were identified with the engineer- 
ing development of this city. Some of their work passes within 
a few hundred yards perhaps of where we are sitting. Those men 
were great engineers. They gave New York great resources, great 
facilities, of which the city is proud. And the reason those men 
did that was because they were great administrators as well as 
great engineers. 

I remember one episode in the work of one of those men. A 
very influential politician started to ‘‘get’’ that engineer. He im- 
punged the engineer, his department, and his work. The poli- 
tician was building up a record for himself and he thought sure 
that in this engineer’s work he had found good hunting. Even 
the engineer’s superiors were worried over the outlook. But the 
politician did not ‘‘get’’ that engineer; on the contrary the engi- 
neer ‘‘took’’ him! He took him so nicely and effectively that that 
politician later became one of the firmest and most admiring friends 
of that engineer and remained so as long as he lived. 

Now there was an engineer who was a public administrator. 
He knew that to be a public administrator required more than tech- 
nical proficiency, of which he had plenty. I might cite other in- 
stances of engineers in public life who have accomplished great 
things, and who accomplished them because they were administra- 
tors as well as technicians. And the reason they were adminis- 
trators was that they took the qualities that an engineer needs 
and added something to them. I say that we are going to need 
hundreds, yes, thousands of such men, if we are going to introduce 
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engineering standards of efficiency into the administration of pub- 
lic affairs. 

Can we stimulate amongst our young engineers an understand- 
ing of what that kind of administration calls for? Can we stim- 
ulate in them a desire to emulate some of these engineering ad- 
ministrators who combined administrative and technical ability ? 

Every once in a while, in speaking of the man I mentioned a 
few minutes ago, some one remarks ‘‘He was the man who built- 
this,’’ and I reply, ‘‘Yes, and he was the man who took So-and- 
So, too.’’ That is just as important—just as much a part of his 
record. 

Right here I shall refrain from following the pattern set by so 
many volunteer advisers. I refer to their insistence that ‘‘there 
ought to be a course’’ in this and ‘‘there ought to be a course’’ in 
that, without regard for the limitations of space and time in your 
several institutions. I don’t want to say that. But I am confi- 
dent that within the next decade, there will be more post-graduate 
courses in public administration in many of our engineering schools. 
I think there are some already. But there will be more because as 
more of our engineers are needed in public service, we shall have to 
make it possible for men with engineering training to know politics, 
government, law, human relations, and public finance. 

I could talk for a long time on the subject of public finance— 
its pitfalls and its differences from private financial concepts, on 
how we must train young administrators to know the difference 
between investment and spending, one of the pitfalls into which 
public finance so often falls. 

I offer, then, as one door open for a perspective of what will 
be expected of the post-war engineer this whole big field of public 
administration—not because the engineer has a right to it, but 
because the engineer has more of what it takes to excel in that field. 
All he has to do is add some more of what it takes to what he al- 
ready has. 

Now, admitting that more and more of our young men will go 
into the field of public administration and service, we still shall 
have a tremendous need for engineers in the field of private indus- 
try. Because whatever may be the complexion of the post-war 
economy, there is one thing of which we can be sure: It is going to 
put a premium on efficiency. We shall have to make every pound 
of material go farther. We shall have to make every hour of labor 
more productive if we are going to carry the burdens that we now 
are assuming. We are going to pass on to the next generation the 
burdens we now are creating and we owe that generation a training 
and a viewpoint that will develop new efficiencies in every depart- 
ment of our economy. 
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Then, too, labor is going to have more to say about working 
conditions, hours, and wages. That means labor will have higher 
wages. Taxes will be higher. The margin available for return to 
capital will be smaller. Only through the highest efficiency shall 
we be able to keep costs at a level that will provide any margin. 
In other words, if we expect our free enterprise economy to sur- 
vive this shock, it is absolutely essential that we achieve industrial 
‘ efficiencies such as we have never known before, such as we never 
even suspected might be required of us. 

That means, then, that our engineers will have two or three 
jobs cut out for them. I shall barely mention them. One of them 
is research. We shall have to find more and more young men fitted 
for research. I am not going to use the figures I have here. I 
am not going to use the figures that show how many men in research 
now are needed for every thousand men in production in the vari- 
ous industries. But that figure is climbing and will be higher. 
And more and more of our young technicians who may not have 
the human qualities that are needed to go into the field of public 
administration, will be able to do a fine job in research. 

Research has not been sold to enough of our young engineers as 
a field of opportunity. Too often, we have thought of the research 
‘‘johnny’’ as a bit peculiar. If he wasn’t fitted for anything else 
—didn’t make any of the teams, wasn’t active in the debating 
society—he would be good at research. I have actually known 
undergraduates who looked down their noses at their fellows who 
took to research. Well, they are all wrong. We must have the 
finest intellects, the keenest brains and the most skillful scientific 
techniques, in research that we can command. We have a lot of 
it now but we shall need more. It is our job to sell that idea to 
our young men. 

A few weeks ago, I spent three or four fascinating hours in two 
of the great industrial research laboratories. I give you my word 
that if I could turn the clock back and have a chance to do it all 
over again, I can’t think of anything I would rather do than serve 
on the scientific frontier with those men. Some of their experi- 
ments were described to me, but alas, they meant nothing but a 
lot of abstruse chemistry and physics. Yet when they began to 
interpret to me what they were looking for, what they were trying 
to find, what they were hoping to accomplish through it, I began 
to take fire. I said to my guide, ‘‘ Well, I suppose that out of all 
these experiments you are doing, you hope you will find a better 
product or a better process?’’ And he looked at me with com- 
passion for a minute and said, ‘‘ Why, sir, that is the one thing we 
are sure of. We know we shall find a better product or a better 


process. ”’ 
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That’s what we need in research! We need red-blooded fel- 
lows who will put up just as good a fight as a heavyweight in the 
ring. Research is no place for weaklings. We ought to take some 
of our football centers and sell them on research, for they have 
the qualities we shall need in research. Because, if we are going 
to work in this skin-tight economy that I am talking about, we 
must be producing new products and new materials, finding new 
ways, new processes, new techniques, new methods. And we shall 
have to build up the standing of our research men all through the 
production organization so that the men in production look upon 
them as fellows to whom they had better listen because they may 
have something. More and more of our top industrial production 
men are acquiring that attitude toward the research man. 

Well, then, when we get into the shop, we shall need more 
analysts in our production. You know, the old conception of the 
businessman was someone with a keen speculative sense. He was 
the fellow who could ‘‘feel’’ money in the air. He knew where it 
was and he went and got it. But today we have passed out of 
that speculative period. Running a modern business has become 
a highly technical proposition. I don’t mean technical in the terms 
of chemistry or physics or mathematics. I mean that running a 
business today calls for technique. Our great industrialists are 
more likely to be men who are masters of the technique of manage- 
ment than fellows who happen to have a million dollars. All 
around us we see the new profession of management. 

We see management winning recognition as a profession. 
Some of our greatest industrial executives today are men who have 
very little stake in the finances of their companies. Some of them 
have no stock at all in their companies. Some of them have a 
very little. They are professional managers. That is their job 
and their business. Their rewards are commensurate with their 
skill in management. 

And so, with the passing of the old day of the speculative busi- 
nessman as against the technical businessman, the engineer is get- 
ting a better chance. I don’t mean that he will be the boss. But 
I do mean that wise industrial management today is building up 
staffs of men who are capable analysts. That is a service that man- 
agement needs. And who should be better trained than engineers 
to render that particular service? 

And so, in the staff functions of advising management and 
meeting its new problems, I see a broader place for engineers. I 
might go on and develop still more examples of the new place of 
the engineer in industry: He will have a place in solving the prob- 
lems of distributing our production and modernizing and convert- 
ing our industries to meet post-war conditions. 
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When we think of all the energy that has gone into converting 
our industries from peacetime products to war products, let us 
remember that we shall need that energy for reconversion after 
the war. And if we are going to be working in a skin-tight econ- 
omy, we shall need more and more scope for the engineer to re- 
habilitate and modernize our existing industry. 

Too often we have thought of the engineer as the man who built 
new facilities, who added units to our productive capacity. Of 
course, we shall always have some of that. But for every one engi- 
neer who is building new additions to our industrial productive 
capacity, we shall probably have four or five who, with the help 
of the research laboratories, will be consistently modernizing ex- 
isting plants and facilities, improving machinery and equipment, 
item by item, machine by machine and process by process. 

I believe that there will be three or four times as many engi- 
neers in our post-war world engaged in that kind of work than will 
be actually adding new productive units; because the essence of 
progress, under a technical economy, is the consistent obsolescence 
of methods and equipment. The only way in the world by which 
science and technology can put its new developments to work for 
society is by obsoleting what it did the day before yesterday. And 
unless we have mén capable of doing that, we cannot possibly get 
the benefit of all the progress of science and technology. Unless 
we are willing to obsolete our capital as fast as science obsoletes 
our techniques, we cannot pass along to society the progress that 
science makes possible. We'shall have to train a race of engineers 
who will accept as their primary mission the obsolescence of every- 
thing that is. And they will have to develop a special genius and 
energy for doing that. 

I should like to close with one thought of which I have spoken 
many times before—that is, the very vital function of management. 
I touched upon it a minute ago and I want to end with it. Because 
I think that our people have been deluded in recent years into a 
failure to understand the function of management. 

Say ‘‘management’’ to most men and they think of the boss— 
the employer. That is a most inadequate picture. Management 
is the function by which we direct labor so that we have more 
wealth left when we are finished than when we began. 

Every once in a while, somebody makes the statement that labor 
is the source of all wealth or that all wealth comes from the ex- 
penditure of labor. Well, of course, that isn’t true. I could go 
out here on Broadway and roll a peanut for twenty blocks with 
my nose and that would be an expenditure of labor. If you don’t 
think so, try it. But after I had rolled the peanut for twenty 
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blocks, there wouldn’t be one bit more wealth in the world than 
there was when I started. There would, in fact, be less. 

There is only one thing about labor that we can be sure of— 
that is, it consumes wealth. The food that is eaten by the indi- 
vidual, the clothing he wears out, the shoes he wears out—all rep- 
resent a consumption of existing wealth. Every ounce of labor 
that is expended consumes wealth of one kind or another. And 
the number one problem of the human race since the beginning has 
been to contrive that every expenditure of labor would leave us 
with more than we had when we started. And up until now we 
have succeeded only indifferently well at that problem. 

I have a hunch that over the last ten or fifteen years in this 
country, on net balance, we have consumed more wealth than we 
have created. And God knows, these two, three, or four years that 
we are going through now certainly will consume more wealth 
than we create. 

But the function of management in a peace-time economy, is 
to direct labor so as to create more wealth than it consumes. It is 
not something to which anyone has a right because he can get 
votes, because he has a million dollars or because he is the head 
of a labor union. The mere fact that a man has capital does not 
make him competent to manage that capital. That is an art and 
science in itself. The mere fact that a union leader may be able 
to look after the political interests of thousands of working men 
does not make him competent to direct that labor in industry. 
Neither does the fact that a politician may know how to get him- 
self elected or appointed to public office. 

Management! That is the ability to turn what we have into 
more. It is the one source of a higher standard of living. It is 
the only process by which man possibly can contrive to spend his 
energies so as to add to his sum total of material wealth. That 
is what management is, and that is why I think it is so important 
that we build up a profession of management and a body of pro- 
fessional management men. 

And if there is one place in the world where engineering train- 
ing is needed, if there is one field in the world where the engineers 
of the post-war period should find an opportunity, it seems to me 
that it is in management. And the least we can do for our young 
engineers today is to point out to them these lines along which they 
may find a career and a future. 

Then we must go one step farther. We must tell them just 
what it takes in each one of those lines and try to help them find 
the places where they can do the most good. If we can do that, 
my friends, we shall not have to worry very much about the shape 
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of the world that is to come. Because whatever may be its shape, 
we know that it will call for certain fundamental and eternal funce- 
tions. Whatever name we may attach to the economy and society 
of the post-war period, we know that these functions must be of 
their essence. And if we can equip our young men to perform 
these functions, they will take their places in the post-war world 
and acquit themselves worthily, I know. 


MEETING OF ADMINISTRATIVE OFFICERS OF 
ENGINEERING SCHOOLS 


The Executive Committee of the Society for the Promotion of 
Engineering Education, at a meeting in Washington, D. C., Sep- 
tember 4, considered the request made by a number of you that a 
meeting of administrative officers of engineering colleges be 
called to discuss and to take action on the various problems per- 
taining to the engineering schools and the war, specifically the 
following : 

1. Utilization of facilities of engineering colleges for specific 
programs of war training and research. 

2. The manpower problem and its effect on engineering col- 
lege students and staff. 

3. Adjustments in the engineering curricula to meet war 
needs. 

The Engineering Section of the Association of Land Grant 
Colleges and Universities meets in Chicago, October 27, 1942. 

We are, therefore, asking the administrative officers of ALL 
engineering colleges to meet at the Drake Hotel, Chicago, IIL, 
9:30 a.m. to 12:30 p.m., Monday, October 26, 1942. 
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THE NEXT STEP IN WAR TRAINING 


By HENRY T. HEALD 
President of the Society 


The relationships between higher education and the nation’s 
manpower mobilization are now entering a new phase. The low- 
ering of the draft age to 18 gives a new basis for planning. This 
should now make it possible to develop training programs thor- 
oughly coérdinated with the needs of the military forces and of 
war production. The needs for engineers, both in military forces 
and in war industries, are greater than ever. The engineering 
colleges still represent the country’s primary resource for meeting 
these needs. 

Last August, the War Manpower Commission issued a statement 
stating that every able bodied student was ‘‘destined for the armed 
forees.’’ In doing so it placed primary emphasis on military needs. 
Nevertheless, the military agencies themselves must be completely 
aware of the importance of war production to their own activities. 
It is obviously the responsibility of both industry and government 
to see that every engineer is using his highest skill and that jobs 
requiring only partial engineering or scientific training are not 
assigned to those capable of more important contributions. In- 
dustry will be forced to do this by the priority which military 
forees have on men. It is to be hoped that Government does as 
well. It is of the utmost importance to the war effort that the 
limited supply of engineers be properly allocated between mili- 
tary service and war production. If the needs of production can 
be met by those unfit for military service, by the over age group 
and by women, then all the young able bodied men can go to mili- 
tary service. If not, a portion of them must still be assigned to 
industrial service. 

Current practices of Selective Service, the Army, and the Navy 
present a particularly confusing picture to the student in the 
engineering college. He finds it difficult to decide whether his 
greatest contribution can come through enrollment in one of the 
enlisted reserve programs or through seeking deferment to finish 
his engineering course under Selective Service. His teachers find 
it equally difficult to advise him. The recent action of the See- 
retary of War in stating that all members of Army enlisted reserve 
corps would be called to active service at the end of the semester 
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in which they reach Selective Service age has only added to this 
confusion. 

One can only conclude that it is now time to start over again, 
present a united front to the college students, clearly define a course 
of action for them, and develop mechanisms which will permit the 
training of the country’s best qualified young men in those pro- 
fessions which are of primary importance to the war effort. 

The elements of such a plan have been developed by the Ameri- 
ean Council on Education Committee on Relationships Between 
Government and Higher Education, and presented to officials of 
the War and Navy Departments. In essence, this plan provides 
for the enrollment of the country’s best qualified high school grad- 
uates in specified training programs in the colleges. In order to 
make possible the selection of young men with the best intellectual 
abilities and the highest qualities of leadership, they would be 
placed on active military service with base pay and maintenance. 
After preliminary fundamental training in the colleges, they could 
be assigned to specific courses of study, designed to meet the needs 
of the military forces for men with particular types of professional 
and technical skills. Such programs might or might not lead to 
degrees, and should be of no greater length than absolutely neces- 
sary to provide the required training. Work of this nature would 
not be limited to engineering fields, but the engineering colleges 
would be called upon to carry an important part of it. 

When finally in operation, this program would eliminate the 
necessity for deferment of students under Selective Service. It 
would make training available to the best qualified young men in 
the country irrespective of financial considerations. It would per- 
mit the maximum utilization of brains. It would eliminate con- 
fusion and cross purposes, and permit concentration of students 
and faculty on a definitely defined task. 

Officials of the War and Navy Departments are giving careful 
consideration to plans of this general type, and are considering 
the needs of war production as well as the military forces. Indi- 
cations are that some such program may be established soon. Its 
successful operation will depend upon the establishment of a 
partnership between the colleges and the military agencies. The 
military may be able to define objectives. The business of the 
colleges is education. They know how to select students, and they 
know how to develop curricula to meet definite objectives. They 
have the faculties and the physical plant. A proper combination 
between the military agencies and the educators can develop a new 
program which will go far toward solving manpower needs in the 
war program. 
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S. P. E. E. ELECTS A NEW TREASURER 


James S. Thompson was born in 1887 at Ligonier, Indiana, the 
son of E. G. Thompson, founder of the Ligonier Leader, the first 
Republican newspaper in Noble County, Indiana. James’ thought 
of publishing originated while he was a printer’s devil and ap- 
prentice in his father’s plant. Through school and college he had 
continuous newspaper experience. 

Graduating from the University of Wisconsin in 1910, his 
nearest approach to engineering education was in preparing under 
Dr. John R. Common, the labor authority, a thesis on the arbitra- 
tion agreement existing between the American Newspaper Pub- 
lishers Association and the International Typographical Union 
(industrial management?). 





JAMES 8. THOMPSON 


He joined at once the staff of the McGraw-Hill Book Company 
one year after formation of the company and was fourteenth man 
on the payroll. His immediate assignment was to study the text- 
book needs in engineering education and he ealled on teachers in 
over 100 American engineering colleges as college representative. 

He was elected Secretary of the Corporation in 1918, Vice- 
President in 1926, and Executive Vice-President in 1941. During 
recent years, he has sponsored the company’s editorial program in 
technical and engineering fields; since 1939 he has been chairman 
of the special War Committee on books for the armed forces and 
for training in war industries. 
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Member of the Society for the Promotion of Engineering Edu- 
cation since 1911; Executive Council 1938-41; Vice-Chairman, 
Middle Atlantie Section 1940-41; Treasurer 1942——. 

In the autumn of 1942 he gave the seventh annual Richard R. 
Bowker Memorial Lecture at the New York Public Library, the 
title being ‘‘The Technical Publisher in Wartimes.’’ 

As a representative of the technical book publishers, he is a 
member of the Executive Committee of the ‘‘Council on Books in 
Wartime,’’ which was recently organized by the book publishing 
industry and which codperates with the Office of War Informa- 
tion, Washington, D. C. 

Member of Phi Kappa Psi Fraternity; University Club and 
Engineers Club, New York City; University Club and Westchester 
Hills Golf Club, White Plains, New York. 

In 1911 he married Marie Burnham, who graduated from the 
University of Wisconsin in 1909; member of Pi Beta Phi and Phi 
Beta Kappa. They reside at 2 Oxford Road, White Plains, New 
York; have a son and a daughter, who, in turn, have respectively 
a daughter and a son. 


U. S. CIVIL SERVICE COMMISSION ACCEPTS ESMDT 
By GEORGE W. CASE * 


As a wartime recruitment measure, the United States Civil 
Service Commission is currently accepting students in attendance 
at colleges or universities of recognized standing, or students pur- 
suing certain approved Engineering, Science, and Management 
War Training courses, for provisional appointment to positions 
in the Federal service requiring training in critical technical fields. 
This is in recognition of the principle that greater success in ef- 
fecting placements can be expected if a specific job is offered to the 
student or trainee, prior to his actual graduation or certification. 
In no case, however, may a provisional appointee enter upon duty 
until all course requirements have been met. 

In keeping with this policy, the Civil Service Commission, since 
June of 1942, has examined about 40,000 registration forms of en- 
rollees in Engineering, Science, and Management Defense Training 
courses. As a result of this survey, about half of the trainees 
whose registration forms were reviewed, were asked to apply for 
appointments in Federal service as engineers, draftsmen and engi- 
neering aids, at salaries ranging from $1,440 to $5,600 a year. 

The trainees represented by the other half of the registration 
forms examined were not asked to apply for appointments for the 
following reasons : 

* Dean of the College of Technology, University of New Hampshire, ab- 


sent on leave to serve as Director of Engineering, Science, and Management 
War Training in the United States Office of Education. 
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The earnings of the individual were greater than the sal- 
aries paid for positions which the Civil Service was seeking 
to fill. 

The individual was employed in war work closely related to 
the type of position that could be offered. 

The induction of the individual into the armed forces. 

The lack of sufficient educational or experience requirements 
to qualify the individual when considered with his Engineer- 
ing, Science, and Management Defense Training. 

The prior appointment of the individual to another job in 
Federal service. 

Defects in the registration which made it impossible to de- 
termine whether or not the individual was qualified and avail- 
able. 


Mr. R. V. Newcomb, Examiner-in-Charge of the Engineering 
Unit of the United States Civil Service Commission, reported that 
by September 10, 1942, applications had been received from 1,371 
ESMDT trainees, in response to 21,000 letters of invitation, and 
that 1,019 of these applicants had been rated eligible for appoint- 
ment. Applications were still being received at that time. 

Of the 1,019 trainees placed on Civil Service registers, 906 were 
rated eligible for appointment as draftsmen, in the salary range 
from $1,440 to $2,600; 90 as engineering aids and technical as- 
sistants, at the same rates of pay; and 23 as engineers, eligible for 
salaries from $2,000 to $5,600 per annum. 

For some of these appointments, an approved ESMDT course 
could be substituted for one year of the required engineering ex- 
perience. For appointments to other positions, ordinarily requir- 
ing a bachelor’s degree in some branch of engineering, applicants 
with non-engineering degrees could qualify through the comple- 
tion of ESMDT courses in subjects related to the permissible op- 
tions. Graduate engineers could qualify in engineering fields 
outside of their education and experience through Engineering, 
Science, and Management Defense Training in the new field, to 
supplement their fundamental knowledge of engineering pro- 
cedures. The Civil Service Commission has not undertaken to 
establish categories of acceptable ESMDT courses, but has pre- 
ferred to consider each course on its merits and the relationship 
between its subject matter and the field in which the applicant 
seeks appointment. 

So successful has been the experience of the Civil Service Com- 
mission in this venture, at the time when the Government, as well 
as private industry, was experiencing great difficulty in finding 
qualified technical personnel for war activities, that Mr. Neweomb 
has requested some 60,000 additional ESMDT and ESMWT regis- 
tration forms for similar processing. 











ENGINEERS’ COUNCIL FOR PROFESSIONAL 
DEVELOPMENT 


ENGINEERING MANPOWER FOR THE WAR 


Resolution adopted on September 20, 1942, in New York by a special committee 
including representatives of the engineering profession and industry 


In modern, mechanized warfare, the need for engineers and sci- 
entists in war industries and in the fighting forces is out of all 
proportion to the relatively small number available, or in prospect. 
This is particularly true of the United States which must not only 
supply its own forces but serve as an arsenal for the democratic 
forces of the world. 

It is, therefore, of vital importance to the country both to con- 
serve this talent and to distribute it where it will best serve the 
total war effort. Other countries have already found this necessary. 

The wastage of technical talent by its diversion to services where 
technical skill is not essential or by a failure to use the available 
training facilities to the full, can add but little to the manpower of 
the armed forces and yet may do irreparable damage; for, without 
adequate technical equipment and skill, armies and navies are 
helpless. 

To meet this situation, the following steps should be taken: 

1. Conserve and put to most effective use our existing staffs of 
engineers in the industries producing war materials and in the engi- 
neering schools training young men for specialized services in the 
armed forces and in the war industries. 

2. Adapt all engineering, science and management courses in 
colleges to the needs of war, both in the armed services and in war 
industries. 

3. Allocate engineers to each war activity on the basis of its rela- 
tive needs, considering both the armed forces and the war indus- 
tries. This allocation process should provide for those who plan to 
study engineering, for engineering students, engineering teachers 
and engineers of mature experience. 

4. Encourage women to undertake engineering and science 
courses in college. 

5. Continue the support of the E. S. M. W. T. program. 

6. Recognize the fact that the assignment of all able-bodied 
engineers to the armed forces where some may be called on to 
render service in fields where their training will not be used is a 
misdirection of skill and is not in the best interest of the total war 


effort. 
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THE T-SQUARE PAGE 


DEVOTED TO THE INTERESTS OF THE 
DIVISION OF ENGINEERING DRAWING 


WILLIAM E. STREET, Editor, 
Agricultural and Mechanical College of Texas 


ENGINEERING DRAWING OFFICERS 1942-1943 


Executive Committee : 
W. E. Farnham, Chairman, Tufts College. 
E. F. Tozer, Secretary, Northeastern University. 
E. C. Willey, 5 years, Oregon State College. 
G. M. Phelps, 4 years, Renssalaer Polytechnic Institute. 
F, A. Heacock, 3 years, Princeton University. 
R. W. French, 2 years, University of Minnesota. 
N. D. Thomas, 1 year, Ohio University. 
R. P. Hoelscher, 1 year, University of Illinois. 


Editor of T-Square Page: 
W. E. Street, Agricultural and Mechanical College of Texas. 


Journal of Engineering Drawing: 
R. R. Worsencroft, Editor, University of Wisconsin. 
J. N. Arnold, Advertising Manager, Purdue University. 
F. A. Smutz, Circulation Manager, Kansas State College. 


Forty-four members attended the Engineering Drawing Division Luncheon 
of S. P. E. E. held in the Men’s Faculty Club at Columbia University, June 27. 

Mr. A. M. Merrill, Principal Naval Architect, U. 8. Navy Yard, Brooklyn, 
gave an excellent paper on the ‘‘ Practical Application of Descriptive Geometry 
in the Shipyard Drafting Room.’’ This paper aroused considerable discussion 
with a general request that it be published in the Journal of Engineering 
Drawing. : 

Pertinent points from the National Survey of Engineering Drawing were 
given by Professor R. P. Hoelscher in an informal discussion. It was recom- 
mended that the report be published by sections in the Engineering Drawing 
Journal when completed. A number of valuable trends in the field of Engi 
neering Drawing are evident from this report. You will want to read the 
report. : 
Professor A. W. Leighton, Tufts College, reported that an investigation 
on the continuation of the National Drawing Competition showed that out of 
62 replies to 108 letters sent out, a majority favored discontinuing the contest 
temporarily. A motion was passed that a purely exhibition contest be held at 
the annual meeting (no formal honors to be awarded). This exhibition contest 
to be composed of one complete set of Engineering Drawings from each 
institution. 

The revision of ‘‘ Drafting Standard Z-14.1 and its Relation to War Pro- 
duction’? was presented by Professor Thomas E. French. The revision is in 
the final stages and probably will be published within twelve to eighteen 


months. 
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THE SECOND LAW OF THERMODYNAMICS 


By ERNEST M. FERNALD 
Professor of Mechanical Engineering Lafayette College 


Several years ago it was suggested in these pages* that a 
certain ‘‘law of stability”’ be included in the fundamental formula- 
tions of thermodynamics. According to that law, when energy is 
added to a single phase exclusively by one mode of transfer the 
corresponding potential always increases. Thus, pressure always 
increases in adiabatic compression and temperature in constant- 
volume heating of a single phase. There is no restriction on any- 
thing else. Temperature, for example, may either rise or fall 
during the compression, as may pressure during the heating. 
The principal utility of the law lies in its enabling treatment of the 
single phase without pretense that any pair among P, V, and T 
is always sufficient to determine the state. The most eminent 
authorities unfortunately make misstatements to that effect, as the 
article showed. The law of stability, that is to say, fills a certain 
gap in our formulations hitherto inadequately taken care of. How- 
ever, the gap thus filled is merely one that results from current 
failure to state the Second Law in a really basic form. The Second 
Law can be stated so as to include the ordinary forms, stability, and 
several other things not now satisfactorily related to the rest of the 
subject. In other words, the ordinary versions of the Second Law, 
and the rule of stability, are corollaries of a basic law rather than 
basic laws themselves. 

The scheme of thought here is simple and symmetrical, and runs 
as follows. Laws are statements of invariances. The universe 
exhibits certain invariances in quantity and also in trend. In 
classical thermodynamics we recognize two laws of invariant quan- 
tity, one for’ matter and one for energy. We call them laws of 
conservation. The one for energy we call the First Law of thermo- 
dynamics. We may likewise recognize two laws of trend. The 
law of trend for matter is the law of universal gravitation. Matter 
tends to concentrate. The law of trend for energy, which is to serve 
as the Second Law of thermodynamics, is equally simple. Energy 
tends to disperse. The dispersion of energy has two aspects. Its 
ultimate mechanism is radiation into empty space. Feeding this 


* Fernald, E. M., “‘Which Properties Are Sufficient to Determine Thermo- 
dynamic State?” Ji. Ena. Ep., XXIX, No. 10, June 1939. 
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process is the continuous production of thermal effect by friction 
and its electrical and magnetic analogs, a phenomenon commonly 
called degradation of energy. Within finite, isolated systems, 
dispersion results from equalization of temperatures, pressures, etc. 

Dispersion is clearly the universal trend for energy in the realm 
of classical thermodynamics, and postulation of it is consequently 
the basic Second Law. Such things as impossibility of perpetual 
motion of the second class are corollaries, certain things being im- 
possible because they would permit the universal trends for matter 
and energy to be reversed. For example, if perpetual motion of the 
second class were possible, a self-acting machine could separate 
masses previously brought together by gravity or could concentrate 
in one portion of a system energy which had previously dispersed 
throughout it by thermal conduction. The mentioned law of 
stability is another corollary. If such stability did not obtain, 
there would be no tendency for energy received at one point to 
disperse throughout the mass. Another corollary is the impossi- 
bility of negative heat-capacity at constant volume. A body having 
such heat-capacity could, among other things, divide spontaneously 
into two parts so that the temperature of one part would rise while 
thermal conduction took place from that part to the other, whose 
temperature would concurrently fall. This would concentrate 
the energy in one part, directly opposing the postulated trend toward 
dispersion. However, a limited amount of that sort of thing does 
not appear to be incompatible with impossibility of perpetual 
motion of the second class or of anything else forbidden by common 
versions of the Second Law. This is easily understood when it is 
recalled that one corollary of a generalization need not be, and 
ordinarily is not, sufficient to establish another. 

It is clear, then, that the basic laws for classical thermodynamics 
may be set up thus: 


Laws oF CONSERVATION 


1. Matter—conserved 
2. Energy—conserved; ratio to matter finite 
A. First Law of thermodynamics 


Laws oF TREND 


1. Matter—tends to concentrate 
2. Energy—tends to disperse 
A. Second Law of thermodynamics 


These formulations, by the way, meet one obviously reasonable 
requirement; that basic laws should be stated in terms of the 
simplest situations to which they apply. Ordinary statements of 
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the Second Law do not meet this requirement. Perpetual motion 
of the second class, for example, has no immediate meaning for a 
simple universe consisting of one or two bodies in otherwise empty 
space. Dispersion of energy, on the other hand, has the required 
meaning. It is a law of positive trend, whereas postulations of the 
impossibility of this or that can never be aught but corollaries of 
such alaw. Statement of the basic laws in a symmetrical scheme of 
conservation and trend yields a body of theory in which corre- 
sponding functions are performed by corresponding structural 
elements, with consequent gain in esthetic appeal. In this con- 
nection, the writer suggests that theories be looked upon as akin to 
creations in architecture, and that their esthetic aspects be ap- 
praised and debated more often than they are now. 
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ral 

n- Complex numbers are useful in electrical engineering laboratory 
to as (1) the components of vectors representing voltages or currents 
‘p- and (2) as the codrdinates of points in two dimensional space. 


The methods described herewith for handling these complex num- 
bers have been found to have educational value for students in 
their studies. The components of such complex numbers are ex- 
pressed, in rectangular coérdinates, in a form which does not require 
the use of trigonometric functions and which greatly facilitates the 
numerical calculation of complex numbers by means of one of the 
commonly used slide-rules such as a log-log, polyphase duplex, or 
Mannheim. The methods are easily applicable to any number of 
phases (balanced or unbalanced) wherever the wave form is such 
that the voltages and currents can be represented by vectors. 

The information will be presented in four parts. Part A will 
present vector equations for voltages and currents, obtained from 
instrument readings (voltmeter, ammeter, and wattmeter), in a 
form which is most convenient for numerical calculation by means 
of a slide-rule; part B will present the theory for making the calcula- 
tions by slide-rule; part C will illustrate the numerical use of parts 
A and B; and part D will illustrate application of the method to 
transmission line and circle diagram experiments. 


Part A. Vector EQuaATIONS 


Single-Phase A-C Circuit—Assume a load consisting of any 
combination of resistance, inductance, and capacitance in a single- 
phase circuit, and assume that the line voltage EZ, the current J, 
and the total power P have been determined with voltmeter, am- 
meter, and wattmeter in the usual manner. We shall represent 
vectors of voltage and of current with the familiar bar notation as 
E and J, and their respective scalars in italic characters, as E and J. 
Refer to Fig. 1(a). E, taken as reference, represents the voltage 
across the potential coil of the wattmeter; J represents the current 
through the current coil of the wattmeter; and @ is the phase angle 
from E to I. 

The vector equation for the current can be written, in rectangular 
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coérdinates, in the well-known form 


I =I' + j-I" amperes 
= I-cos 6 + j-J-sin @ amperes, (1) 















which in terms of E, J, and P can be written as 


, PP , ¥@-Ir=F 
i= E +j: FF amperes. (2) 
In equation (2) the + sign is used if the current leads the voltage, 
and the — sign is used if the current lags the voltage. 
If, for this same circuit, the current had been taken as the refer- 
ence the equation for the voltage would have been 


P. V@Ip-P i 


E= T +): 7 volts (3) | 


as illustrated in Fig. 1(b). In equation (3) the + sign is used if the 

voltage leads the current, and — sign is used if the voltage lags the 2 

current. 
Three-Phase Circuit—Now we shall examine a poly-phase ) 

circuit, and to express the maximum information in a given space 

we shall consider a three-phase three-wire wye circuit, as shown in / 

Fig. 2, with unbalanced loads and with unbalanced line voltage 
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Fig. 2. Three-phase three-wire unbalanced loads having unbalanced line | 
voltages whose phase-sequence is 1-2, 2-3, 3-1. ) 


having a phase-sequence 1-2, 2-3, 3-1. We assume that each line 4 
voltage, each phase voltage, each phase current, and each phase . 
power has been determined by the proper instruments and recorded ; | 
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_ and we wish to determine from these data the vector equation for 
each voltage and for each current. Figure 3 shows a vector dia- 
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Fie. 3. Vector diagram showing the vectors, and their components in 
rectangular coérdinates, for the line voltages and for the phase voltages of the 
circuits shown in Fig. 2. 


gram for the line voltages and for the phase voltages, using line 


voltage E12 as reference. 
From Fig. 3, using the two right triangles of which y is the alti- 


tude, we get 
_ Ei? + Bis? — Fs? 


iss 2- Eis (4) 

y = + VE; — 2°. (5) 

Similarly from Fig. 3, using the two right triangles of which v is the 
altitude we get 





E;?? + Ei?é ies E.¢? 
u = 2-Ex ’ (6) 
vena VEZ — u’. (7) 


The vector equations for the line voltages are 





Ey: = Ey, — J-0 volts, (8) 
E23 = (x — Ey) + j-y volts, (9) 
Ex, = — x — j-y volts, (10) 
and those for the phase voltages are 
Ey =u+j-y volts, (11) 
Ex = (u — Ey) + j-v volts, (12) 


Es = (u — x) +j-(v — y) volts. (13) 
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To get the vector equations for the phase currents from the 
instrument readings we proceed as we did for the current in the 
single-phase case. Thus 


Pius - V(Eua-Tis)? — Pi? 


Iu = Ex +j Eu amperes (14) 








is the vector equation of I, relative to its own voltage as reference. 
To write the complete vector equation for T,,4 relative to the refer- 
ence Ey: we must multiply equation (14) by cos y + j sin y where 
y is the angle from the reference Ey. to the vector Ey4. But 


E / ;- KB uv 
cos y + j-sin y = EE, (15) 


so the complete vector equation for I, is 


ee [FE 4}. Eee hgtaid) [ Bd th ie 
wit Ex J Ex. Ex. 











| amperes (16) 
and the equations for the other two phase currents are 


a ge V(Eog-In4)?—Pod Bul +j- Eg!’ 
} ee [esi (Ex, 24) 24 | 24 +) 24 








5 Ee, Ex amperes, (17) 








_ Pa A V(Esa-Ia4)?—Ps2? E34 j Es" 
pee we 4 2 — amperes. 18 
luz | Eu +) Eu | Eu | pe ( ) 


Here again the + sign is used before the radical if the current leads 
its voltage, and the — sign is used if the current lags its voltage. 

We have the vector equations for the line voltages, the phase 
voltages, and the phase (line) currents in a form in which they are 
easy to calculate numerically. It now remains to show that such 
calculation can be done very easily on one of the commonly used 
slide-rules, say a polyphase-duplex. 


Part B. DertvaTION oF METHOD oF CALCULATION 


If we want to calculate Va? + 0? on a slide-rule we rearrange to 


tee -— a 2 
Vet =b- (¢) +1,* (19) 


* This method for determining numerically Va? + 6? on a slide-rule has ap- 
peared several times in print but this author has never seen published any 
mention that this can be extended to calculate numerically on a slide-rule each 





of the following: Va? + m-b? where m is an integer, Va? + b&? + c+ --- +n? 
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the use of which is illustrated in a later paragraph. This method for 
numerical calculation of Va? + b? can be extended to 





Ve t+Ptet--- +7? 


and to a+ b? +c? + --- + nm? where n is the value of the nth 
term. However we shall extend the theory, for present purposes, 
only to Va +?+c? and to a +b?+c*. The expression 


Va? + b? + c? can be rearranged to 











Vive +b Pte =c ———_—— | +1 
and if the result thus obtained is squared we of course get a? + b? + c’. 


Part C. ILLUSTRATION 


We now illustrate the use of equation (19) to calculate the 
numerical vector equation for the single-phase current J in equation 
(2) from a voltmeter reading, H = 120 volts, an ammeter reading, 
I = 8 amperes, and a wattmeter reading, P = 420 watts, for an 
inductive load. In accordance with equation (19) we rearrange 
equation (2) to the form 


a 
ri P p. (32) - 1 


{= art E amperes (21) 





and make the following settings on the slide-rule: bring left index of 


420 


C scale in line with 120 on D scale; read s “wa 3.50 on C scale 


in line with 420 on D scale (this gives the real part of I); bring hair- 
line of runner in line with 8 on C scale; bring 420 on slide in line 


E-I 120-8 
with hair-line of runner; read | <a 2.285 on D scale at 


where n is the value of the nth term, 
2 2 2 
@+0P+e84--- +73, (ey 2 (%)'+--- +(2) 
b d n 


where = is the value of the nth term, and 


GfeGrs= 





(2) 
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E-I\? 
left index of C scale; read (+) = 5.22 on A scale in line with 


left index of B scale; to subtract 1 move slide left until left index of B 


a 2 
scale is at 4.22 on A scale; read v( 4) — 1 = v4.22 = 2.05 


on D scale at left index of C scale; move hair-line of runner to 420 on 


E-I\ 
C scale ( this is P- (=) — 1 = 863 on D scale ); bring 120 


é 2 
p(B) 
on slide in line with hair-line of runner; read E 





= 7.19 on D scale at left index of C scale. We now have determined 
easily, quickly, and accurately the complete numerical expression 


for the current J which is 
I = 3.50 — j-7.19 amperes (22) 


relative to its own voltage as reference. 

The numerical value of y in equation (5) and of v in equation (7), 
as well as the numerical equations of the poly-phase currents in 
equations (16), (17), and (18), are quickly and easily determined by 
this method. 

To illustrate the use of a? + b? + c® we shall determine the 
numerical value of x in equation (4) for three unbalanced three- 
phase line voltages read on voltmeters as E;. = 270 volts, 23 = 240 
volts, and Z3, = 200 volts, having phase-sequence 1-2, 2-3, 3-1, 
and using Fi, as reference. 

Substituting these numerical values into equation (4) we get 


_ Ei? + Es? — E2s? _ (270)? + (200)? — (240)? 
eS 2-Eis i 2- (270) 


The result, z = 102.4, is obtained by making the following slide- 
rule settings: set 200 on the C scale in line with 270 on the D scale; 


2 
read [ae | = 1.820 on A scale at left index of B scale; to add 1 





= 102.4. (23) 





200 
set left index of B scale in line with 2.820 on left half of A scale; 
set hair-line of runner over 200 on C scale; set 240 on C scale under 


V(270)? + (200)? ]}? 
240 | = 1.960 on A scale 


at left index of B scale; set right index of B scale in line with 0.960 
on right half of A scale; set hair-line of runner over 240 on C scale; 
read on A scale in line with hair-line of runner (270)? + (200)? 
— (240)? = 55300; set 2-(270) = 540 on left half of B scale under 








hair-line of runner; read [ 
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2 ans 2 
hair-line of runner; read = Sea 2 = 102.4 on A 
scale at left index of B scale. This is the result desired. 

Having the numerical value of z and of y we can write immedi- 
ately the vector equation for each of the line voltages in equations 
(8), (9), and (10). Then using the method illustrated above we 
can determine quickly the value of u and of v for the phase voltages, 
and these along with zx and y substituted into equations (11), (12), 
and (13) give the numerical equations for the phase voltages. 

The method has been illustrated by applying it to a three-wire 
wye system with unbalanced line voltages and unbalanced loads 
to show how simple the method is to use for such a case. For 
balanced conditions however the equations reduce to even simpler 
form as the reader can determine easily from an examination of 
the equations. Furthermore, the reader can extend the method to 
six or more phases. 





Part D. FurTHER APPLICATIONS 


Figure 4 shows an application of the method to a balanced 
three-phase (or single-phase) electrically short transmission line 
experiment in which the load voltage (line to neutral), line current, 
and power per phase of the load and the parameters of the line are 
determined from instrument readings; and from these readings the 
students are to calculate what the voltage (line to neutral) -would 
be at the sending end of the transmission line. In Fig. 4 the follow- 
ing notation is used: F = voltage (line to neutral) at the load end of 
transmission line, Z, = voltage (line to neutral) at the sending 
end of the transmission line, P = power per phase of the load, 
I = line current, R and X are resistance and reactance of the line, 
6, = angle from E, to J, and @ = angle from E to I. Using this 
notation the equation for E, is 

‘ S as 
E, = (7 + LR) +j: (“ER=F + 1-X ) volts (24) 

The real and imaginary parts of a complex number can be 
considered as the coérdinates of a point in two dimensional space, 
and this interpretation is useful in circle diagram experiments such 
as the circle diagram for a three-phase induction motor, or a single 
phase series circuit having constant resistance and variable reactance 
or having constant reactance and variable resistance. Assume that 
E, I, and P have been determined for a series of values for the load 
using instruments in the usual manner. Figure 5 shows the in- 
terpretation of the data as the codrdinates of points in the circle 
which is the locus of the head of the current vector. The abscissa 
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(A.J .)2 — P2 
of the nth point is < ry uit 
. Pr 
is F 

The methods discussed and illustrated here for numerical com- 
putation do not require the use of angles or functions of angles which 
are rather inconvenient to use either on a slide-rule or in tables, the 
methods can be applied quickly, and they are more accurate than 
other methods of obtaining the results using a slide-rule. The 
author has found the methods useful in students’ experiments of the 
following types: single phase series, parallel, or series-parallel; 
2, 3, or 6 phase, balanced or unbalanced (including experiments in 
symmetrical components); transmission line experiments; and 
circle diagram experiments. 
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PROGRESS REPORT ON STUDY OF ACHIEVEMENT 
TESTS * 


By JASPER O. DRAFFIN 


Professor, Theoretical and Applied Mechanics, University of Illinois 


INCEPTION OF STUDY 


At the last annual meeting of the S. P. E. E., a number of pa- 
pers which dealt with examinations and their evaluation were pre- 
sented before the Division of Mechanics. It is my understanding 
that a paper by Professor W. E. Wilson, Colorado School of Mines, 
provoked a considerable amount of discussion. Due to the interest 
exhibited, the Society appropriated a small sum of money to be 
expended under the direction of the Division of Mechanics for the 
purpose of making a study of ‘‘ Achievement Tests in Mechanics.’’ 
The present report is merely a progress report, and it is hoped that 
a more complete one will be prepared in time to have it printed in 
the JouRNAL OF ENGINEERING EpucaTion before the next annual 
meeting. 


THe Stupy ITsELr 


Purpose of Study.—The first question which arises before tests 
can be prepared is that of the purpose or object to be achieved. 
Four different objectives may be set up which will involve the 
preparation of one of the following: (1) A set of questions which 
may be used to determine whether or not a student has achieved a 
certain minimum knowledge of mechanics; (2) An examination 
which will be a reasonably accurate and rapid means of classifying 
students according to their mental achievements, one which will 
agree with our present classification based on other tests; (3) A test 
or examination which will be superior to our present admittedly 
rather unsatisfactory methods of estimating the achievement of 
students; (4) A test which may be used by different schools as a 
basis for comparing the character of the work done by each school. 

To be perfectly frank, the writer was, and still is, quite in the 
dark as to which of these objectives was in the mind of those who 
proposed the study, probably mainly because he was not present at 
the sessions last year. Possibly, however, the other members of the 


* Presented at the fiftieth annual meeting, 8S. P. E. E. (Mechanics), New 
York City, June 27-29, 1942. 
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committee were also in the dark, but they are not obliged to con- 
fess it. At any rate, the test which was used finally was based on 
the second of the four objectives just stated ; i.e., to provide a rea- 
sonably accurate method of classifying students according to their 
mental achievement in mechanics so as to agree with their classifica- 
tion by other tests. 

Preparation for Study.—It seemed rather obvious that the en- 
tire range of subject matter commonly included in mechanics, such 
as statics, kinetics, hydraulics, and strength of materials, could not 
be covered at the start and therefore, it was decided to begin with 
statics. Since it seemed best to have the tests made at different 
places, a number of institutions were asked to codperate. Of those 
asked to assist, a number were, for various reasons, unable to do so, 
but the following agreed to help: J. E. McGivern, Gonzaga Uni- 
versity ; W. E. Wilson, Colorado School of Mines; E. R. Dawley, 
Kansas State College; F. B. Seely, University of Illinois; 8. B. 
Folk, Ohio State University ; F. L. Everett, University of Michigan ; 
P. G. Laurson, Yale University. All of the people involved have 
codperated most heartily and fully for which the writer is deeply 
grateful. It will be seen that this list includes large and small 
institutions, land grant and privately endowed institutions, and 
that the schools extend entirely across the continent. In fact, it is 
about as representative a group as can be obtained. 

Those who agreed to assist were asked to send a list of questions 
to the writer, covering each of the following four types: true-false, 
filling in a blank space with the proper word, selection of the cor- 
rect answer from a number of answers given, and problems. The 
response was good, and a considerable number of excellent ques- 
tions were received. Using the questions submitted, a committee of 
three, including the writer, made a selection. It may be noted that 
some questions were of necessity modified but as finally prepared, 
the test papers contained questions from each list submitted with 
the exception of two. One of these lists came too late to be used 
and, to avoid local bias, it seemed best not to use questions sub- 
mitted from the University of Illinois. Naturally, there were many 
which were essentially duplicates of each other. 

General Character and Length of Test.—Certain limitations ex- 
isted in preparing the tests of which five will be stated here. These 
are: (1) Achievement tests must of necessity be given at or near 
the end of the course; (2) In many schools the course in statics is 
taught in conjunction with kineties; (3) With the restricted time 
in many institutions, due to defense conditions, the tests must re- 
place regular examinations; (4) Many instructors would be unwill- 
ing to give a test of such length that the students could not complete 
it in the allotted time; (5) Some institutions could use two or 
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three successive hours for the test while others could use only one, 
or at most two, one-hour periods. Consequently, two tests were 
planned, each with the expectation that it could be completed in a 
fifty-minute period. One of these, Test A, consisted of twenty 
questions made up of false-true, filling in blank spaces, selection 
of the correct word, and problems; the other, Test B, consisted of 
10 short problems. 

Selection of Questions—Two points were kept in mind when 
planning the content of the two tests: (a) That the question should 
be restricted to those topics which would certainly be covered in the 
course in statics as taught at all institutions, Which eliminated a 
number of special topics, and (b) that there should be but one cor- 
rect answer possible for each question. It is believed that we suc- 
ceeded in the first endeavor, but not entirely in the second one. 

After the three people had selected the questions to be used, 
both sets of questions, Test A and Test B, were read by another 
person, and the questions were revised in accordance with the sug- 
gestions made. It was planned to have one or two additional per- 
sons, who had not seen the tests, work them out as a check. But, 
since some schools gave their examinations unusually early, the time 
proved too short to allow the latter checking. If time had per- 
mitted this to be done, one or two questions would have been 
changed and improved. 

Administration of Tests—It was planned that the tests should 
be given at the end of the last semester, term or quarter, ending in 
May 1942, and also during the summer session. The tests were, 
therefore, lithographed and as many copies sent to each codperating 
institution as had been requested; directions for grading papers 
and reporting grades were also furnished. Due to the spread of 
examinations at the different places, all of the institutions had not 
finished their tests at the time of preparing this report, an obvious 
reason for not making a complete report at this time. 

As is well known, it is a difficult matter to obtain uniform grades 
from various institutions on any set of questions—it is sometimes 
difficult for the same instructor to grade papers twice alike. Con- 
sequently, those giving the tests were asked to return the papers to 
the central office unmarked; that is, with no instructor grades on 
the papers, but to send a list of the grades as they were given by 
the instructors and also to send a list of the final grades assigned 
to each student in the course. They were also asked to state how 
much the test results counted toward the final grade in the course. 
At the central office the papers are being read by one person, and 
these grades will be used in the final analysis; thus, all papers will 
be handled as nearly alike as possible. In this report, it was neces- 
sary to use the grades as furnished by the people giving the tests. 
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RESULTS 


Analysis of Test Results—In the discussion which follows, the 
different codperating institutions are designated by number rather 
than by name and, since Test A deals largely with theory while Test 
B deals entirely with problems, each test is analyzed separately. 
Table I gives the number of papers, the weight given the test in the 
final grade, and the average grade for all papers at each institution. 


TABLE I 
GENERAL AVERAGES 

















Approximate Average Grade 

Institution Number of Weight of Tests 
Number Papers in Final Grade, 

Percentage Test A Test B 

1 84 25-33 69.6 71.0 

2 68 10-13 75.3 75.0 

3 179 15-50 78.0 75.2 

4 252 33 85.4 81.0 

5 98 33 — 84.7 

6 88 4 — 67.5 

All 769 79.5 76.7 

















It will be observed that two institutions were able to give only 
Test B and that there is a wide variation in the weight given to 
the achievement tests in establishing the final grades. 

Table II gives the number and percentage of papers in each 
grade level, 40 to 100 by intervals of 5 for Test A, and in each grade 
level, 20 to 100 by intervals of 10, for Test B. This tabulation 
deals only with the grades of the test papers themselves and has 
nothing to do with the final grade in the course. Table II shows 
that there were 28 per cent of those writing Test A and 35 per cent 
of those writing Test B who made a grade of 90 or over. These 
percentages are larger than the percentage of those receiving A in 
the course, which is 21 per cent for Test A and 18 per cent for 
Test B, as may be seen in Table ITI. 

In Table III the grades are broken down into the total number 
in each grade level for each of the five grades assigned students in 
the course, i.e., A, B, C, D, E, or F. It did not seem desirable in 
this preliminary report to subdivide these numbers according to 
the institutions. 

Looking at the composite figures in Table III we note a degree of 
selectivity, but it is not as large as we desire. If we assume that a 
student who receives a grade of A in the course should be expected 
to write a test of 80 or above, there are about 13 per cent who wrote 
below 80 in Test A and about 10 per cent who wrote below 80 in 
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TABLE II 
NUMBER AND PERCENTAGE OF Papers aT VARIOUS GRADE LEVELS 







































































Test A 
l cc hoe Cad 
Inst.| 40 | 45 | 50 | 55 | 60 | 65 | 70 | 75 | so | 85 | 90 | 95 | 100 Total 
1/0!4]21]8 1/11 | 16/13] 14] 12 6 | 3| 0!01| 84 
Be SS ee ee "he See as 2a te Ra oe ee 
3/0!21!01]21{ 5/10! 28| 39! 31/33/22! 6| 1 | 179 
410!10!/0]01] 3] 6| 15! 20] 44 | 42 | 64 | 51 | 7 | 252 
All| 2 | 6 | 5 | 6 | 23 | 37 | 65 | 88 | 93 | 93 | 96 | 61 | 8 | 583 
Test B 
inst./ 90 | 90 40 50 | 60 70 | 80 | 90 100 | Total 
” | 
1 1 2 5 4 18 ig | 15 15 6 84 
2/0 0 2 5 9 12 | 25 11 4 68 
ei 2 4 | 10 23 44 | 43 38 | 14 | 179 
4| 0 1 7 | 11 26 37 | 48 63 | 59 | 252 
5 | 0 0 0 2 3 is | 29| 35 | 11 98 
6] 2 1 4 | 11 22 18 | 16 10 4 88 
All| 4 6 22 | 43 | 101 | 147 | 176 | 172 | 98 | 769 




















Test B. However, it appears, from a study not shown here, that of 
those who received A in the course, only two received less than 80 
in both Test A and Test B. 

Similarly, it would not be expected that many who failed the 
course would write above 80 in these tests. Yet, of this failing 
group, the average of Tests A and B range from 37 to 90. It seems 
that Tests A and B together are fairly selective of students of high 
grade, but that they are not as selective of the failing students. It 
should be borne in mind, however, when comparing grades obtained 
by different methods that some of our scholastic requirements do 
not bear directly on the knowledge of mechanics possessed by the 
student. Some of these other requirements or criteria are: Attend- 
ance on classes, homework, which may be late or not done, or on 
the other hand copied, following established rules, and neatness. 
These are factors which, and properly, are often taken into con- 
sideration in establishing a grade in the course, but which measure 
qualities other than a factual knowledge of the subject matter of 
mechanics, which is all that can be considered in a short-time 
achievement test. Attention is called to the wide variation in 
weight of test grade in making up the final grade as shown in 


Table I. 
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TABLE III 


APPROXIMATE NUMBERS AND PERCENTAGES OF Papers IN Eacuo Grape LEVEL 
For Eacu or Five Grapes AssIGNED STUDENTS IN THE COURSE 



























































Test A 

Grade 40 | 45 | 50 | 55 | 60 | 65 | 70 | 75 | 80 | 85 | 90 | 95 | 100 | Total 

Bo Wek sear 0;0; 0;0; 1 1} 5/18| 20/15 |33/32; 5 | 125 
Per Cent..... 0;0; 0} 0] 1] 1] 4/10) 16)12| 26/26) 4 

De Se os 0/10; 0/2] 5| 9/16 | 28/|28/39/31/14; 2 | 174 
Per Cent 0/;0; O/ 1); 3] 5] 9/16)16/23/18; 8) 1 

CO Wess 2/4] 0} 3/10/17| 31 /|31)32)|32|30/)12/| 1 | 205 
Per Cent... .. 1/2] O} 1) 5] 8/15|15/)16)16)14; 6] 1 

Dees acs, 0/1; 1/0] 1] 6] 6/12] 8} 5] 3] 2} 0 45 
Per Cent..... 0;2/;] 2}0/] 2/)13)13)}27)18|12|. 7} 4] 0 

8 Meise 0/1; 4/1] 6] 5] 6] 6] 5] 1] O] 0) 0 35 
Per Cent..... 0 3 /}12/} 3/17) 14/17/17) 14|} 3} 0} 0|] 0 

Test B 

Grade 20 | 30 | 40 | 50 | 60 | 70 | 80 | 90 | 100 | Total 

ATM e23835) 0 0 0 1 5 9 | 23; 51 52 | 141 
Per Cent. .... 0 0 0 1 4 6 16 | 36 | 37 

y ae are eae 0 2 2 3 | 23} 49 | 49| 52 | 34] 214 
Per Cent.....| 0 1 1 1 11 23 | 24| 24 16 

CG  Wibeaaie. 1 1 7| 12 | 47] 58 | 73] 49 9 | 257 
Per Cent..... 1 3 5 18 | 22 27 19 4 

DF oS. 0 0 5 | 19 | 18] 20 | 20] 17 2 101 
Per Cent..... 0 0 5 18 18 20 20 17 2 

Bae sa se 3 2 9/ 10 9; ll 10 2 1 57 
Per Cent..... 5 4 16 17 16 19 17 4 2 



































No study of the selectivity of individual questions has as yet 
been made, but it will be done as soon as possible. It may be that 
the elimination from the tests of some questions which show them- 
selves to be non-selective will materially improve the tests. 


CoNCLUSIONS 


The writer suggests the following tentative conclusions which 
are based on a hasty study of part of the results: 
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(1) This study has been worth conducting if for no other rea- 
son than that it has helped to visualize the problem. 

(2) The present tests are not entirely satisfactory; it has been 
suggested that the tests operate as a test of minimum achievement 
rather than one of selection, but it is doubtful if that conclusion is 
justified. 

(3) The two tests, taken together, seem to act somewhat selec- 
tively, especially in the upper ranges. 

(4) The tests suggest that there are differences in the work 
done at different institutions. 


SuacesteD Topics FOR DIscussION 


As a basis for the discussion of certain fundamental questions, 
the following questions are asked. Answers to them will materially 
assist whoever carries on this study, if it is carried further. 

(1) Should this study be continued ? 

(2) Which of the four objectives outlined at the beginning of 
this report is the one which we should adopt? 

(3) Should the institutions which have already assisted by giv- 
ing tests continue to do so, if they are willing, or should different 
institutions be asked to do this? 

(4) Are other institutions, in addition to those which have al- 
ready assisted, prepared to assist by giving tests furnished by the 
Committee or the person in charge? Note: It should be remem- 
bered that only a limited number of institutions can be used at 
one time. The funds available are only nominal, and the time of 
the person in charge is limited since he already has a heavy sched- 
ule of regular work. 

(5) Should only as many questions be asked on the tests as may 
reasonably be expected to be answered in the allotted time, or 
should more be asked than can be answered? If the latter method 
seems best, should the questions be answered in order or a selection 
be allowed? 

(6) Should longer questions be asked, those which involve a 
series of steps rather than a single step? If so, how can these 
questions be graded by different persons so that all will give the 
same grade? 











JUNIOR COLLEGE COURSES IN THE LIGHT OF 
WAR EXPERIENCE* 


By JOHN A. PRIOR 
Mechanical Engineering Department, University of Pennsylvania 


Mention of any phase of war experience arouses protest. Why 
bother with it now? Why not wait until it is all at hand, until we 
have time to think about it and a chance to use it? To this argu- 
ment there are good answers. Some lessons of war experience are 
as clear as they ever can be. Some can be used right now. Our 
mental vision, like our eyesight, needs occasional change of focus. 
The light of war experience is not a floodlight but a flash lamp, and 
much of what it reveals can only be retained by a mental camera 
loaded, aimed, focussed and synchronized in advance. We can see 
more if we decide what to look for, and it is the purpose of this paper 
to suggest items worth looking for because of their bearing on the 
mutual problems of junior and senior engineering colleges. 

To engineering teachers, war has brought a unique experience 
in ESMDT. Many of us who never thought about terminal courses 
before are giving them now, to men who in Utopia would attend 
junior colleges. Although the basic purpose of the program was to 
give specific training rather than education, many of the more com- 
prehensive courses (e.g., Army Ordnance Inspection) are directly 
comparable with certain types of junior terminal programs. 

To the public which ultimately supports education, war and 
ESMDT have brought new realizatidn of the primacy of manu- 
facturing production in modern life; the primacy of engineering in 
modern manufacturing; the value of even the rudiments of technical 
education. The public can now see that technical opportunity is 
not a narrow ladder, but something more like the courthouse steps, 
with room at all levels. Technical opportunity will contract after 
the war, but it will not lose ground relative to other opportunity, 
and increased competition will increase the premium on training 
and basic education. It will be strange if war does not bring 
permanent increase in demand for public facilities in higher technical 
education; yet the war legacy of poverty and taxes will demand 
extreme economy in all education. The best escape from this 
dilemma seems—to an observer outside the public educational sys- 


* Presented at the 50th annual meeting, 8S. P. E. E. (Junior College), New 
York City, June 27-29, 1942. 
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tem—to be through the local tax-supported college, initially of 
junior grade. 

But this happy outcome will not be automatic. It needs or- 
ganized advocacy by those in position to know the facts and reach 
the public ear or eye. Post war reaction is more likely to be emo- 
tional let-down than intelligent readjustment. The lessons of this 
war can be forgotten like those of the last, unless we who are most 
concerned do our best to make them stick. This does not imply 
propaganda for engineering courses. Our efforts might well start 
with organized support of the movement to make the public high 
school graduate literate in mathematics and physical science. Vic- 
tory in that campaign would benefit all engineering immensely, not 
only in the obvious way but by enlarging the stock of human mate- 
rial available to the engineering schools. Victory in that and the 
logically subsequent campaign for more public technical education 
can best be won in the local, tax-supported system. Taxpayers are 
hard-headed enough to think that the first duty of higher education 
is to prepare for higher vocation. 

In more specific matters of curriculum development, war experi- 
ence should throw special light upon the content, adequacy, and 
emphasis of terminal sophomore-level programs. We of the four- 
year colleges may not realize the importance—to ourselves as well as 
to industry—of these programs in their relation to pre-professional 
engineering courses. From our viewpoint the greatest value of the 
junior college probably is its effectiveness in selection of student 
material, and this effectiveness depends greatly upon availability of 
terminal courses to the boy who is determined to get what he con- 
siders a complete engineering training in spite of demonstrated lack 
of capacity. Ideally, perhaps he should be tested and directed at 
the end of his high school career. Practically, that does not work in 
our democracy. Witness the problem of the Technical Institute, 
which is much praised but little attended. The American boy pre- 
fers to try out for the first team or none. Junior college provides 
that opportunity with less waste of money and morale than the 
four-year engineering school, and the waste can be reduced to vanish- 
ing point if adequate and flexible terminal courses are evolved. 

War experience should throw light upon three important phases 
of the terminal-course problem. 

1. Basic type or characteristics, particularly the ratio of “funda- 
mental” to ‘‘application”’ subjects, and the rigor with which the 
former should be taught. At one extreme, we already know that the 
first two years of the regular four-year engineering programs have 
proved, for many students forced to drop school, a satisfactory basic 
training. But as a program such a course lacks interest, motivation 
and finality. Can its good points be retained in a combination with 
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some of the highly specific—therefore interesting—content devel- 
oped for ESMDT? 

2. Industrial fields best suited to exploitation by junior college 
terminal courses. Because the boy leaving junior college must lack 
breadth and maturity compared to four-year graduates, it is more 
important that his specific training be directed toward real oppor- 
tunity. Never before have the requirements of industry been so 
completely analyzed as now, and there is every probability that 
the machinery for analyzing man-power needs will carry on into 
peace time. Certainly it should be able to tell us the approximate 
total demand in important fields, help us predict the trend, and 
supply information about the types of training and levels of capac- 
ity required. For instance, although we know that education and 
training basic to metal-goods manufacturing can be—and is— 
carried on effectively at sophomore level, can we say anything with 
assurance about the demand for men with sophomore-level training 
in heat power or electronics? Until the war such training had not 
been attempted; now it has been. How well has it succeeded, and 
what is the present and prospective demand for its product? 
Stating it rather brutally, we need to know where half-baked engi- 
neers are valuable, and which side should be baked. 

3. Educationally sound material for applications courses. Such 
courses at sophomore level hardly exist in thé four-year engineering 
schools today. Emphasis there is wholly on analysis. Synthesis— 
creative thinking—is expected to come with experience and matu- 
rity. In ESMDT countless experiments have been tried, and their 
results merit organized study. 

Along with such factual study should go some prayerful thought 


about the basic philosophy of applications work as educational 


experience for the students, rather than mere tools. Why do stu- 
dents of architecture spend so much time in competitive design? 
Why do medical schools bring their students into contact with 
patients—they will be meeting patients all their lives, so why not 
wait? What kind of musician would a child become if allowed 
nothing but exercises until alleged maturity? The current enthu- 
siasm for fundamentals, analysis, may have obscured the fact that 
an engineer must be more than analyst. He must synthesize, 
develop, create. The viewpoint and attitude of the creative worker 
are not born, but made, and it is to be feared that they are some- 
times unmade by mistaken impatience of teachers of engineering 
fundamentals. Some of us believe that no student should com- 
plete any terminal program of engineering—two years or four— 
without exposure to problems demanding more insight, tenacity, 
breadth of grasp, and resourcefulness than the over-simplified prob- 
lems appropriate to the basic courses. 
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Such problems can be developed either in design or laboratory. 
ESMDT courses, while too specialized as units, contain much use- 
ful material for combined analysis and synthesis. For example, 
in the design of jigs and fixtures, problems can be chosen to illus- 
trate major phases of machine production, involving no theory 
beyond statics, no substitution in handbook formulas, but a great 
deal of constructive imagination and sense of proportion. 

There must be similarly live material in the other branches of 
elementary engineering. No great amount is needed, for time is 
precious. A single course of the design type and one of the labora- 
tory type should be enough to correlate the students’ knowledge 
and develop the engineering attitudes. 

In my personal opinion, such work as we have discussed would 
not ruin the boy who intends to go on through engineering school, 
or finds his way there later. After all, maybe we should offer a 
prize for a better descriptive name than “terminal” courses. It 
would attract the practically-minded boy whose analytical ability 
is latent but unawakened. Anything suggesting to the student 
that here endeth education is fundamentally wrong. The reality 
is of course more important than the name. Let us not be tempted 
by war experience or short-sighted demands into making terminal 
courses non-return tracks to dead ends. What we need is a system 
in which vocational goals are way stations with stop-over privileges. 
War experience can guide us that way only if digested and inter- 


preted rationally. 
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PERSONNEL MANAGEMENT IN INDUSTRY * 


A SYNTHESIS OF THE VIEWPOINT OF THE PSYCHOLOGIST 
AND THE ENGINEER 


By T. A. RYAN 


Assistant Professor of Psychology and Administrative Engineering, 
Cornell University 


The solution of personnel problems in industry requires the co- 
operation of two sorts of background: first, the experience of the 
engineer, the personnel manager, or of the production man, which 
is gained by handling the specific problems which arise in daily 
work ; and, second, a background of scientific information about the 
behavior of human beings and the factors and influences which 
affect behavior. Neither of these sources of information is self- 
sufficient. The experience of the engineer or personnel man is 
insufficient because he rarely has the opportunity to ferret out the 
causes of the things he observes. It is something like the man who 
has been driving a car for twenty years and has never looked under 
the hood. He learns the peculiarities of his own car, he knows 
when the throttle should be opened on a hill or when he will have 
to shift gears, but he doesn’t know why he has to do these things, 
and he couldn’t design a car which would operate more smoothly. 
The rules for handling his car will not necessarily apply to other 
ears or to driving conditions outside of his own experience. 

The reason the information supplied by the psychologist is also 
insufficient can be illustrated by the same analogy. The automo- 
tive engineer would correspond to the psychologist who is trying 
to find out what makes the man ‘‘run.’’ The best automotive engi- 
neer is not necessarily the best racing driver, and neither is the 
psychologist the best supervisor or personnel manager. Occasion- 
ally, we may find a man who can combine both skills, but such a 
man would be exceptional. 

The automobile driver can be a more intelligent driver if he 
knows at least a little about the workings of his car. On the other 
side, the automotive engineer may gain useful information from 
the car drivers which will aid him in finding the difficulties in his 
design. This mutual exchange is even more important in human 
relations. In fact, mutual education of the administrator and the 

* Presented at the fiftieth annual meeting, S. P. E. E. (Industrial Engi- 
neering), New York City, June 27-29, 1942. 
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psychologist is essential for progress in the field of personnel 
management. 

To put this notion into effect, Professor Bangs and I are experi- 
menting with a course in personnel management in which we try 
to present students of the administrative engineering course with 
some background of psychological knowledge, along with problems 
and. demonstrations which have grown out of the experience of 
professional personnel administrators. We have also presented 
this material in an ESMDT course. Since we are now able to de- 
vote only one brief course to this task, we have not reached the 
ideal development to which Lillian N. Gilbreth referred in a recent 
article.* Doctor Gilbreth has presented an excellent summary of 
the interrelations between psychologists and engineers in the past 
and the trends toward greater cooperation in the present. As sup- 
porting evidence for this trend, I might cite the numerous meetings 
of the American Management Association which have brought to- 
gether personnel men and psychologists to discuss their respective 
phases of human problems in industry. Similarly, some time ago, 
the American Association for Applied Psychology staged a panel 
discussion of psychologists and industrial engineers to discuss the 
interrelations of the two groups. 

The type of codperation which we employ in our course is based 
upon what we believe to be the relationship which should exist in 
actual practice. Rather than discuss the material in the order in 
which we actually teach it, I shall use it to illustrate the general 
nature of this collaboration. I assume that the role of the adminis- 
trator is well known to you and [ shall give our principal attention 
to the tasks of the psychologist. 


1. GENERAL PRINCIPLES 


The first task of psychology is the development of general guid- , 
ing principles in human relations. When the field of industrial 
psychology is fully developed, it should provide the practical man 
with guides and methods which serve him as tools. Because psy- 
chology is such a young science, the general principles of human 
behavior are still very incomplete, to say the least. What is avail- 
able is useful, however, even if it does no more than start the stu- 
dent to thinking along new lines about human behavior. In fact 
one of our students in the ESMDT course remarked that the most 
important thing he gained from the course was that he was be- 
coming more tolerant of others and less impatient when they did 
not respond to a situation in the same way he would. 


*<‘¢The Engineer and Psychology’’—Newark Engineering Notes, March 
1942. 
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Individual differences in ability, interest, motives, habits, and 
emotions constitute an important general study related to per- 
sonnel management. In order to bring out the factors which are 
responsible for these individual differences, we have made use of a 
formula developed by Professor Bentley of Cornell, which he called 
the ‘‘equation of life.’? + This equation summarizes very well the 
various things which influence the development and behavior of all 
human beings. We have made certain minor modifications to fit 
the needs of the courses we are teaching. The equation is written 
as follows: 


(SX1IX@) X (PXAXT)=MXC X H= Human Behavior 


The first three members of this equation represent the biological 
and physical factors which influence the make-up of the individual. 
They are Stock or heredity, Physical and Chemical Interchange 
between the body and its environment (the effects of temperature, 
nutrition, moisture, and the like) ; and finally Growth or matura- 
tion. The next three terms stand for the cultural and social in- 
fluences affecting the individual (his biography) which constitute 
just as important a part of the individual’s background as the 
biological factors. These are indicated as Persons and Objects 
(who have influenced the development of modes of thinking and 
beliefs, either through direct command and teaching or through 
indirect suggestion) ; Activities, both past and present which af- 
fect the skill, the interests, and habits of the individual, and finally 
Tradition which is so important a factor that it may be responsible 
for some of the things commonly laid at the door of ‘‘heredity.’’ 

The equation is represented as a product of all of these terms 
because that is the closest mathematical analogy to their interac- 
tion. If any one of these factors is missing, we have a zero prod- 
uct—at least we do not have a human being like any now existing. 
Also, changing any single factor changes the effect which each of 
the others has upon the individual’s activity. Of course, it is only 
an analogy and cannot be carried too far. 

These first six terms of the left side of the equation represent 
the background out of which the individual emerges. We usually 
sum up the effect of these things by describing the motives and 
desires, the abilities or capacities, and the habits of the individual. 
That is why we have inserted the second group of three terms, 
which we may call the resultant factors. These three terms stand- 
ing for motives, capacities, and habits, represent, in other words, 
a summary of the products of the more remote factors mentioned 
first. 


t‘*The New Field of Psychology’’—Madison Bentley (Lithoprint Edi- 
tion), pages 10-11. 
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Each of these factors is subject to wide variation, and for this 
reason the equation brings home very clearly the reasons for indi- 
vidual differences, and the need for a wide knowledge of the in- 
dividual before attempting to understand his behavior. It can 
readily be seen that the old question of heredity and environment 
was a great oversimplification which sometimes confused the issue. 

Since much of the general research upon human problems bears 
upon one or the other of the factors listed in the equation of life, 
for teaching purposes we take the equation as a starting point for 
discussing some of the information which these researches have 
brought out. This could, of course, involve several courses in it- 
self, but we have to limit ourselves to a few selected examples 
which merely illustrate the importance of each of these factors. 

All of the problems of job adjustment, of worker morale and 
interest, of job placement, and promotion in industry depend upon 
our gaining reliable and useful information upon the various phases 
of the equation of life. The equation is, therefore, not only a 
way of summarizing what we know, but also a program for the 
future. development of psychology. The three resultant terms, 
M X C X H, represent what we need to know for an immediate 
understanding of a situation, and the first six terms represent what 
we need to know if we wish to modify the individual or to predict 
what he will be like in the future. 

As illustrations of the way in which practical problems in per- 
sonnel are related to this schema, tests of aptitude would come 
under the capacity term, studies of worker morale like the Western 
Electric studies would bear upon the motivational term, and the 
industrial engineer has to consider habits in relation to improv- 
ing methods of work. When we try to find out how mechanical 
aptitude is related to home background, inheritance, and training, 
we are studying the effects of the more remote terms of the equa- 
tion. Similarly, information as to why workers have certain atti- 
tudes about pay systems, or other company policies, requires a 
more detailed analysis of the factors, particularly the biographical 
terms. 

Motivation of human behavior is rightly regarded as a problem 
of prime importance in personnel relations. As far as general 
principles go, it is very difficult to obtain reliable and useful in- 
formation. One promising approach is by way of interview and 
questionnaire studies of attitudes, opinions, and morale. The 
Western Electric Company’s studies,* other smaller scale investi- 
gations in this country, and some of the material presented by the 
Industrial Health Research Board of Great Britain give us valu- 

* ‘Management and the Worker’’—F. J. Roethlisberger and W. J. Dick- 
son—Harvard Press, 1940. 
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able hints upon this phase of human relations. We have a great 
distance to go, however, before the evidence is complete enough to 
provide us with an integrated understanding of the desires and 
motives of human beings and of the influences which shape those 
desires. 

Another source of information about human motives is the ex- 
perience of the clinical psychologist and psychiatrist. Like the 
medical practitioner, these men have little opportunity to carry 
on research in the narrower sense of carefully controlled condi- 
tions. Nevertheless, they are men who have spent years trying 
to help others who have come to them seeking aid in their prob- 
lems of psychological adjustment to life. On the basis of the 
various kinds of maladjustment which these specialists observe, 
and the methods of relief which seem helpful in individual cases, 
various psychiatrists have developed general theories about the 
factors responsible for inability to adjust to social living. These 
theories are usually theories of motivation as well, since most of 
them find that faulty adjustment and neurosis are usually the re- 
sult of conflicting desires, or the conflict between the desires of the 
individual and the demands of family, job, or other social insti- 
tutions. 

Some of these theories are very far-reaching in their implica- 
tions, particularly the theory of psychoanalysis. The general re- 
action among psychologists has been, however, to regard them as 
challenging hypotheses, rather than as final answers to the prob- 
lem of motivation. Some of the more fanciful parts of these theo- 
ries will be modified gradually, but there are certain important 
kernels of valuable insight to be found there. Whether or not 
the theories have any ultimate value, they are quite different in their 
approach from that which the layman takes in thinking about 
motivation and they should widen his horizon of thought in this 
field. 

For these reasons we have incorporated in our course as a part 
of the discussion of general background two contributions of the 
field of clinical psychology or psychiatry. First a brief account 
of the kinds of disorders or maladjustments which are the results 
of faulty combinations of the background represented in the equa- 
tion of life. These are presented with particular emphasis upon 
the minor psychological difficulties which the student is more 
likely to meet, with as little mention of the bizarre and strange as 
possible. In order to avert undue worry on the part of the stu- 
dents about themselves, we stress the fact that the ‘‘symptoms’’ 
involved are nothing but extremes or distortions of things which are 
found in normal individuals. 

As a second contribution, we present some of the basic elements 
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of the theories developed in clinical psychology, limiting ourselves to 
those phases which are accepted with most general agreement among 
workers in that field. One of the central ideas is that things which 
we regard as ‘‘bad habits’’ may be traced back to situations in 
the past life of the individual, incidents which had a profound 
emotional effect upon him, but which are now forgotten and ap- 
parently have no relation to the present difficulty. An attempt 
to correct such a difficulty by retraining, by ‘‘bawling-out’’ or 
other traditional procedures ignores this background and cannot, 
therefore, be very successful. An idea of this sort is of special 
value to any supervisor because he may be less irritated by the 
apparently irrational behavior of others, and he may see that a 
more indirect or gradual approach would be more fruitful. 

This is not to say that a personnel worker or supervisor should 
ever try to correct serious psychological difficulties. Even a psy- 
chologist should not unless he has had the special kind of training 
required. An awareness of the possible background of such diffi- 
culties may, however, aid the personnel worker in his normal 
contacts with such individuals. He will also be more likely to 
realize when an individual is in need of skilled psychological aid, 
and may be able to steer the man in that direction. 

More important, the study of such psychological difficulties 
also throws light upon the possible motivation of normal individ- 
uals. If we can keep before us the notion that human beings 
should not be expected to behave according to the rules of logic, 
we are better equipped to deal with problems of attitude and 
morale. 

In addition to these two sources of information—the study of 
attitudes and morale in rather uncontrolled life situations, and the 
deductions of the clinical psychologists from their patients’ diff- 
culties—in addition to these, there have been a number of re- 
searches in which motivational factors and specific incentives have 
been investigated in the laboratory under more closely controlled 
conditions. The major difficulty in research of this kind is to 
keep the various factors under control and, at the same time, re- 
tain conditions which are not too much distorted in comparison 
with situations in real life. This is a problem which is not satis- 
factorily solved. The result is that the findings in these studies 
must await evaluation until we have more complete knowledge of 
the effects of the change in situation involved in bringing the sub- 
jects into the laboratory. For example, if we wish to study some 
factors in monotony, the fact that the subject is taking part in 
an experiment furnishes the added incentive to codperate with 
the experimenter which may completely cover up the monotony we 
were trying to observe. 
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Thus, in the field of motivation we have been forced to draw for 
general principles upon information which has not been subjected 
to as rigid controls as we should like. Gradually, however, indi- 


rect controls will be produced through the sifting and integrating’ 


of information from diverse sources. Laboratory studies will per- 
mit us to extrapolate to industrial situations more readily as they 
study more and more specifie factors and combinations of factors, 
and as laboratory findings are checked by supplementary studies 
in the field. ’ 

Continuing the subject of general principles, we should look 
briefly at the subject of learning and skill because of the impor- 
tance of industrial training at all times and especially in the pres- 
ent. Psychological laboratories have studied this topic for many 
years until now there are many hundreds of titles in a complete 
bibliography of the subject. In this field, there are probably cer- 
tain very broad principles which relate to all kinds of learning, 
such as school learning, developing muscular skill, and learning a 
mechanical trade. We are not sure that we have isolated these 
general principles of skill, although there are certain factors which 
seem to cover a wide range of different kinds of learning. There 
are also certain special principles which would apply only to cer- 
tain kinds of activity, such as memorizing lists of words or numbers. 

Unfortunately for industrial training, most of the experimental 
work has been carried out by those with an interest in academic 
education and with the pattern of verbal learning in view rather 
than industrial skills. Some of the findings of these researches 
have been checked in other fields, however, and have been found 
to be broader in their application than might be expected. 

As one example, we may cite the fact that learning by short 
practice periods spread out over a long time leads to more eco- 
nomical learning and also to longer retention of the material. This 
has been shown to apply to certain muscular skills as well as to 
memorizing the multiplication table. 

As far as this first major task of psychology, that of contribut- 
ing general principles of human behavior, is concerned, we have, 
then, made some progress, but there is a great distance still to go. 
Faced with this situation the industrial psychologist has two alter- 
natives. One is to sit back and wait until the general research is 
more complete; the other is to take a more direct approach to per- 
sonnel problems. This approach is embodied in two other major 
tasks which we shall discuss next. 


2. CrITICISM OF PRESENT PRACTICES 


A second function of psychology is criticism of present practice. 
Here I can illustrate the function with the activities of industrial 
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engineering itself. The gains in production made by changes in 
method through motion and time study are to be attributed to the 
critical attitude which the industrial engineer takes toward the 
methods and practices which he observes in use. Cultivation of this 
attitude of questioning each part of the process to determine 
whether or not it is necessary and whether or not there is a better 
way of doing it, makes it possible to notice things which are waste- 
ful and useless. I suspect that if the industrial engineer had con- 
tributed nothing but this attitude plus some common sense, he 
would have produced great improvements. I might even hazard a 
guess that the main function of the special tools developed for 
motion studies is to aid in maintaining this critical attitude and to 
aid in the application of common sense to the method. 

A similar attitude toward personnel practices may be quite as 
valuable as it is toward production methods, although its results 
may be less tangible. Any psychologist worth his designation has 
been schooled to be critical of common assumptions about human 
behavior and to accept nothing until it has been established by ade- 
quate research methods. 

Among practical men of affairs, however, the attitude seems to 
be different. Such men would not accept a new machine until it 
has had thorough and adequate tests and they want a good cost 
accounting procedure so that they can know whether or not a par- 
ticular product is paying. These same men seem to be quite un- 
aware that opinions, guesswork, and hunches in the field of per- 
sonnel practice are no more justifiable than they are in the field of 
machine design or in cost accounting. 

Of course, there is a reason why many are less critical of per- 
sonnel practices than they are of a machine or an accounting sys- 
tem. The breakdown of the machine or the failure to make money 
on a manufacturing venture are more tangible and more easily 
observed. The effect of a particular system of bonus payments or 
of a particular method of hiring is often difficult to observe and is 
certainly much less tangible. It is exactly for this reason that the 
critical function of the psychologist is important. He is more aec- 
customed to thinking in terms of these intangibles and for that 
reason may be more ready to spot defects in the assumptions and 
opinions upon which personnel practice is so often based. 

Examples of situations in which this critical function can be 
called into play are numerous, and we need do little more than men- 
tion them. We find some men who have an over-enthusiasm and 
too much faith in such devices as the interview, in spite of the un- 
trustworthiness of human judgment in sizing up others unless a 
great deal of care has been taken in the training of the person who 
does it. Again, we find occasional business men falling for such 
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‘gold bricks’’ as physiognomy and graphology in spite of the fact 
that none of the systems have been supported by sound evidence of 
their value. In fact, we use these systems in our teaching as an 
object lesson in the dangers of ignoring scientific checks. 

We find old adages such as ‘‘practice makes perfect’’ accepted 
as a basis for training in spite of the finding that practice not only 
does not make perfect, it depends for whatever effect it does have 
upon the other conditions under which the learning takes place. 

We find the assumption that the worker is motivated primarily 
by wages accepted as a fundamental principle in certain quarters. 
Probably the most important result of recent studies of industrial 
motivation has been to cast doubt upon the importance of the wage 
as such as a prime mover. 

This does not exhaust the list, but it should be enough to indi- 
cate what may be done here. Of course, pointing out faulty as- 
sumptions does not solve the problem, but it is the first step. Such 
criticism may, as was said before, actually have a positive effect. 
Pointing out to the interviewer some of the pitfalls of judging men 
from conversation may in itself help to make him a better inter- 
viewer. 


3. SpEcIAL RESEARCH 


A third and, at present, the major contribution which psychology 
has to offer is research upon special problems required by the indus- 
trial situation. Even if a great many general principles of human 
behavior based upon controlled studies were already available, spe- 
cial investigations to elaborate the application of the principles to 
industrial settings would be needed. In place of waiting for the 
complete development of the general picture of the workings of the 
human being, industrial psychologists are working on the assump- 
tion that facts of practical value in industry can be obtained by 
direct research without waiting for the general theory of human 
behavior to be even reasonably complete. Important practical 
facts about electricity were discovered before we had our present 
electrical theory. There is a need for special research by men 
trained in research methods carried out in the field, that is, in the 
shop and in the office. 

The range and scope of problems which can and should be stud- 
ied in this way is almost unlimited. We can only mention a few 
examples here. The type of research in which psychologists have 
been most active and which has been given most attention in dis- 
cussions of industrial psychology is, of course, research dealing 
with the development of more accurate methods of hiring by the 
development of tests. A number of studies of this kind are briefly 
summarized in the National Industrial Conference Board’s Bulletin 
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called ‘‘Experience With Employment Tests.’’ Study of these and 
other reports of the kind brings out clearly the fact that the psy- 
chologist cannot make up tests in his university office or in the class 
room. He has to become familiar with the jobs to be filled and to 
earry out his checks on the value of various tests with the same kind 
of men who are actually to be employed on the job. Often it may 
be necessary for the psychologist to learn the job himself before 
developing his selective devices. I emphasize this point because of 
the frequent tendency for men in industry to expect ready-made 
- tests which they can take out and use immediately at so much per 
copy. Very seldom can we be even moderately sure that a test 
already available is just what is needed for a particular hiring 
problem. 

You may raise the question, ‘‘ What good is research of this kind 
now when industry can do so little real selection, and must take just 
about what it can get?’’ It seems to me that it is now even more 
important than ever to make sure that the men who are available 
are used to the best advantage—which means to ensure that they 
are placed in the work for which they are best fitted, rather than 
thrown at random into the first job which comes to mind. Also, 
up-grading is certainly an important problem at the present time, 
and devices to determine who is best fitted for promotion are just 
as important as tests for initial hiring. 

Another question raised by our present situation is that of the 
time required for developing these hiring techniques. It may be 
necessary to take some short-cuts in these researches which would 
not satisfy us in normal times. Nevertheless, it is possible to estab- 
lish hiring procedures on a tentative basis in a relatively short time, 
and then to follow their results for further revision and improve- 
ment. In this way some of the benefits may be obtained while the 
research is still going on. 

Another example of a place where research could be helpful in 
normal times and in the war situation is research on training 
methods. Now, while so many men are being trained, why not try 
out various planned methods of training for various occupations, 
evaluating the results by research methods rather than by rule of 
thumb or opinion? There would be an excellent opportunity for 
psychologists codperating with industrial engineers to carry out 
broad studies of permanent as well as of temporary value. 

Each of the subjects discussed under general principles has a 
similar counterpart in special industrial research. The effects of 
various methods of work, methods of wage and bonus payments, 
the effects of general personnel policies, the factors of monotony 
and fatigue are all more difficult to study, but even more important 
to solve eventually. 
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One suggestion which I should like to make in this connection is 
that the usefulness of the results of special research of the kind I 
have described will be enhanced if those who sponsor them will not 
try to limit the scope of the investigation too drastically. Of 
course, the sponsor is paying to find the answer to a certain ques- 
tion. But if, each time that such a project is carried out, there is 
provision for exploration beyond the original problem, this explora- 
tion may turn up facts which are of more general value for the 
progress of personnel at large than the original solution of the spe- 
cial problem. Witness the valuable materials which grew out of 
the Western Electric studies which were allowed to grow completely 
out of their original setting. 

The business man who sponsors research will probably find that 
the results not only give him some answers to his original question, 
but also pose other questions of equal interest. This is, of course, 
true in any branch of science, but it is nowhere more striking than 
in research dealing with human beings. 

This paper has been designed to indicate the general philosophy 
which underlies our teaching of personnel management rather than 
to outline the actual topics which we teach. In point of fact we 
follow quite a different sequence in our courses themselves. The 
students must be taught what the personnel problems are and what 
personnel techniques consist of before the related psychological 
material can have an effect. 

In order to accomplish this, we follow through the personnel 
eycle—that is, the series of stages involved from the time a man 
applies for a job until he leaves the company, including employ- 
ment interviewing and the auxiliary job analysis, employment tests, 
training, merit rating and job evaluation, and the various necessary 
tools and techniques. 

In each of these phases, Professor Bangs presents the related 
material from practical experience by way of discussions and dem- 
onstrations in which the students take part. The psychological 
aspects are closely integrated with these. Both of us are usually 
present for each session and both take part in the discussions each 
from his own viewpoint. 

Supervision, which was not mentioned in the personnel cycle, is 
also treated in the brief time we have available. Since we feel that 
the place for specific supervisory training is within industry, we 
believe that our primary task in this connection is to provide the 
student with general background rather than specific suggestions 
on handling men. The general material upon individual differ- 
ences and motivation seems to be most closely related to this 
purpose. 

We have felt that certain aspects of personnel can be more easily 
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learned by independent study than others. Therefore, the general 
background and the points of view have been given more emphasis 
than such topics as the best methods of handling personnel forms, 
keeping records, or specific topics such as the measurement of fa- 
tigue, the effects of lighting and ventilation upon production and 
the like. If the student has the general background and point of 
view, he can readily study these topics on his own when he meets 
with these problems. 

One objection which may be raised against teaching such a 
course is that it is so long before these students have an opportunity 
to put this background into practice that they have forgotten most 
of it. That is a general problem of all technical education, how- 
ever, and we can scarcely handle it in this session. I might point 
out, however, one result of experimental studies of learning. If we 
measure the results of practice in terms of how long it takes to re- 
learn the task rather than by actual material retained, we find that 
the effects of practice last much longer; in fact, some effect is left 
even after several years. Our hope is that the student will more 
readily relearn when occasion arises, that he will know in general 
the type of information available, and where to go to seek further 
information. 

As the psychological member of the team, I might add a per- 
sonal note in closing that teaching of this kind has been of great 
benefit to me as a psychologist, because my scientific bent has been 
guided by the engineers toward extraction of a maximum of prac- 
tical information from the research results available. At the same 
time, because I have been working with engineers, I have not been 
put under pressure to abandon the scientific approach. Psycholo- 
gists are occasionally tempted by the demands of the public to be- 
come prophets or seers. When they do, they lose an opportunity 
to make a real contribution to the progress of human relations. 
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HEATING AND AIR CONDITIONING CURRICULUM * 


By JOHN JAMES 


Technical Secretary, American Society of Heating and Ventilating Engineers, 
New York, N. Y. 


In 1939 there were over 100 recognized secondary schools offer- 
ing instructional work in some phase of heating, ventilating, re- 
frigeration or air conditioning. Glowing pictures of the great 
opportunities in the air conditioning field were portrayed in news- 
papers, advertisements and over the radio. Students young and 
old with meager technical training were enrolling by the hundreds 
in trade and correspondence schools spotted throughout the coun- 
try. Classes were bulging to overflowing in the several evening 
courses which were being offered in the metropolitan areas. Many 
of the accredited engineering colleges, universities and institutes 
felt the tempo of the times and hastily added courses in air con- 
ditioning to attract students desiring to major in this field of engi- 
neering. 

Finally the bomb hit and it was several months before Decem- 
ber 7, 1941. In fact, by the end of 1939 serious-minded individ- 
uals realized that the inflated demands for a huge army of air 
conditioning engineers were far in excess of actual demands. Un- 
fortunately there were many honest and sincere individuals who 
had invested their hard earned money in trade school courses which 
offered all kinds of promising opportunities. Finally the Federal 
Trade Commission lent a helping hand by issuing a number of 
cease and desist orders on advertising promotional techniques and 
the situation began to clarify itself. 

During the year 1940 the air conditioning manufacturers had 
one of their biggest years in total volume of sales, but even with 
this peak of production the employment situation had reached a 
saturation point in the demand for new engineers. Furthermore, 
public acceptance was somewhat indifferent towards air condition- 
ing. During hot weather sales increased because people realized 
the tremendous comfort advantages of air cooling, but there were 
many embarrassing questions being propounded about the claimed 
advantages of increased efficiency and improved health resulting 
from air conditioning installations. 


* Presented at the 50th annual meeting, 8. P. E. E. (Mechanical Engineer- 
ing), New York City, June 27-29, 1942. 
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Today not an ounce of air conditioning equipment can be in- 
stalled, unless it has something to do with the war effort, and, as 
a consequence, many engineers have found it necessary to seek 
employment in other fields. The whole industry is virtually at a 
standstill. Perhaps the present situation has its merits for those 
busy individuals who have time enough to vision the future of air 
conditioning. Certainly demands for trained engineers in this 
field will not compare with the supply needed by the huge aero- 
nautical industry, but it does not seem too optimistic to predict 
that the air conditioning industry will emerge from the war with 
many new horizons offering great potentialities. 

Some have referred to the present conflict as an ‘‘air condi- 
tioned war,’’ which is perhaps a gross exaggeration. Nevertheless, 
on every front air conditioning is playing an important réle in our 
march to victory. In the submarine under the sea; in the aero- 
plane eight miles up in the stratosphere; and in the tank on land, 
air conditioning is contributing to the effectiveness of our fighting 
men. Also, in the ammunition factories, long production lines, 
and food processing plants, air conditioning is reducing product 
rejects, maintaining spoilage at a minimum and keeping every man 
and machine at the peak of production efficiency. This trend of 
activities cannot help but exert a profound effect on the industry 
in the years to come. 

Although this long-term view is wholly secondary at the mo- 
ment, it gives us an opportunity to stop and survey the oppor- 
tunities for the future and plan a course of study which will ade- 
quately equip the student who desires a training in this field of 
engineering. Before outlining the several components of a co- 
ordinated curriculum in heating and air conditioning, it seems de- 
sirable to mention briefly the possible opportunities of employ- 
ment, in order that the major objectives of instruction can be 
properly integrated. 

The principal opportunities seem to fall in four general classi- 
fications consisting of: I. Dealer or contracting engineers; II. 
Operating and maintenance engineers; III. Manufacturing, utility 
or professional engineers; and IV. Public health engineering. 

It is entirely probable that a secondary school should not plan 
to train individuals for a connection with either a dealer or con- 
tracting engineer, as there are two very good potential possibili- 
ties of instruction for this group. First, the manufacturer is 
equipped with proper personnel and generally prefers to acquaint 
the companies’ licensed dealers with the complete line of products 
and the necessary engineering application data. This short school- 
ing supplemented by a comprehensive engineering data book and 
occasionally a required correspondence course is adequate for gen- 
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eral sales representatives. Secondly, a few institutions are offering 
a two-year certificate program in heating, ventilating and air con- 
ditioning, which affords a good training. 

The operating engineer of the future for large structures, such 
as hotels, hospitals, department stores, theatres, industrial plants 
and government or private office buildings, will require a secondary 
school training. In fact, civil service requirements for engineers 
on federal buildings in Washington even now stipulate that the 
applicant should be a graduate of some engineering school. The 
installation of large tonnage refrigeration machinery and the nec- 
essary supplemental apparatus with automatic controls will re- 
quire the services of an individual possessing a well rounded edu- 
cation. Even a course in psychology would probably prove to 
advantage when an engineer is called by the tenants to justify the 
maintenance of a controlled condition. 

Training for the third group of manufacturing, utility and 
professional engineers will demand at least a four-year course and 
after the war there is every reason to think that engineers again 
will consider post-graduate training of distinct value, thus offset- 
ting the necessity for five- and six-year courses which have been 
advocated in the past. If one is desirous of pursuing work in 
research and development of product design for a manufacturer, 
then graduate instruction leading towards a master of seience or 
doetor’s degree will be highly desirable. On the other hand, if the 
student has a well grounded four-year course in the basic funda- 
mentals and applied courses, industry is quite willing to train the 
graduate in the necessary specialization jobs. More and more in- 
dustry is looking to the engineering schools for more emphasis on 
the teaching of fundamentals in contra-distinction to a wide variety 
of spécialization courses, which are of questionable value in the 
over-all picture. 

The fourth classification—public health engineering—seems to 
offer a new field of opportunity for the air conditioning engineer. 
Just as water purification opened up an entirely new realm of ac- 
tivity for the civil engineer twenty years ago, there is ample evi- 
dence to believe that the next decade will offer a great opportunity 
to the air conditioning engineer in the field of air sanitation or 
purification, provided ‘its full potentialities are realized. A better 
understanding of the state of air-suspended infection, the réle of 
droplet evaporation, and the behavior of viruses in respiratory 
contagion gives the engineer a new tool for improving the art of 
air conditioning. In 1940 a public health official in Buffalo made 
the statement that installations of air conditioning needed regula- 
tion because of their important relation to the health of the indi- 
vidual. Just as soon as the knowledge spreads about the possi- 
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bilities of air sanitation, the doctor will be anxious to learn how 
it can be applied, and who will be better qualified to assist in this 
work, but the engineer who by training is able to equip himself 
with the necessary supplemental knowledge. 

Already the engineer has found an important niche in many of 
the state industrial hygiene departments and as this field expands 
with demands from workers who have enjoyed the benefits of air 
conditioning in many of the war plants, there will be a great need 
for trained engineers in public as well as private positions. Then 
too, the regulation of the installation of comfort air conditioning 
from the viewpoint of health seems inevitable. Despite the edu- 
cational work done by industry, trade associations, better busi- 
ness bureaus and engineering societies, the full significance of 
the term air conditioning is not well understood by the consumer. 
As a consequence many poor installations have been made which 
are a detriment to the future of the industry. Mandatory regula- 
tion seems to be the only answer, even though the disadvantages are 
recognized. Just as we have pure food and water regulation at the 
present time,’we can expect air sanitation and air conditioning 
control for the future. To administer such laws the air condition- 
ing engineer should find an important function in the various 
federal, state and municipal health departments. 

Having covered the four general classifications of opportunities 
in this particular field of engineering, there remains one general 
point of great significance which should be of paramount impor- 
tance in considering the future opportunities for all engineers. 
That subject is the professional status or recognition of the engi- 
neer in the community. The Society for the Promotion of Engi- 
neering Education and the state licensing laws have helped con- 
siderably, but more still remains to be done. A brief perusal of 
a medical curriculum discloses no courses in professional ethics, 
or the social sciences, yet the doctor has the highest regard for cor- 
rect professional conduct, and is generally recognized as being 
‘“successful’’ as measured by outstanding leadership and financial 
standing in a community. One might argue that the doctor has 
achieved this position because of eight or more years of training. 
However, the training for an advertising executive is certainly 
no longer than the engineer, yet the former is more frequently 
found in the higher income brackets, and the engineer is relegated 
to mediocre incomes, principally because the profession has never 
demanded proper recognition. Without having a definite clue to 
the doctor’s training, it is possible to surmise by observation that 
the medical practitioner possesses two attributes by training which 
are generally not found in engineers. One of these is confidence 
in himself and ability to take sole command in cases of acute ill- 
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ness, and the other is the ability to freely express himself clearly 
and convincingly. 

One practical suggestion that might be adopted to assist in this 
program of recognition would be for engineers to make more fre- 
quent use of their earned titles. Even signed articles in the 
Journal of the American Medical Association include the letters 
M.D. after the doctor’s name. There are many kinds of practicing 
doctors, but the M.D. is quite careful to see that his correct status is 
not mistaken. Similarly, the licensed professional engineer could 
distinguish himself by using the designation P.E. after his name 
on signed and printed documents to distinguish between the indi- 
vidual who has had long varied training and experience, and the 
operating engineer of a boiler plant in a small apartment building 
who always will call himself an engineer despite license laws to 
the contrary. Gradually the term P.E. would be recognized by 
the public as an individual having special engineering qualifications 
and at the same time cause the student to aspire to obtain this rec- 
ognition as a fulfilment of professional attainment. 

Having some knowledge of the available opportunities and the 
general objectives desired, it is possible to outline a curriculum of 
study for the heating and air conditioning engineer. (See Ap- 
pendix I.) There might be one general question disposed of imme- 
diately, and that is whether such an engineer might profit most by 
a training in chemical engineering with its several applied courses 
in industrial processes. Even though there may be some border 
line situations, a very strong case can be developed for the pros- 
pective student to take the mechanical course as the fundamentals 
found in this curriculum would have greater vaiew i in providing the 
essential working tools. 

It has already been suggested that the minimum training for the 
engineer in group I could be more readily provided by others. In 
general adequate training may be offered in four years for the 
opportunities listed in groups II and III. Graduate courses should 
be considered a necessity for those persons interested in research ; 
students desiring specialized courses who do not plan a connection 
with industry; and those wishing to specialize in public health 
engineering mentioned in group IV. 

At the present time the first year courses in most institutions 
are uniform for all engineers with fundamental courses in mathe- 
matics, chemistry, physics, drawing and English, as well as, mili- 
tary science and physical training. Some engineering graduates 
of ten years or more are quite critical of the English courses which 
were taught in the freshman year. The importance of proper 
training for free expression and clear and concise writing cannot 
be over-emphasized. The improper use of grammar can invariably 
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be traced back to primary school education, with inadequate train- 
ing in sentence structure, and it is certainly not the function of a 
secondary school to do this type of teaching. The English, tech- 
nical composition, or literature courses offered in engineering eur- 
riculums should be broad in scope and adapted to the objectives 
desired. Basically such a course should include training in the 
principles of clear, accurate writing, with constant emphasis upon 
conciseness and force of expression. Oral work should be an in- 
tegral part of every course, with the student presenting several 
short talks. 

Generally seminar courses are not included until the senior year, 
but two definite advantages seem to favor the inclusion of such a 
subject in the first year. In many respects the freshman year is 
an orientation period, and instead of waiting until the senior year 
it would seem quite desirable for the student to become acquainted 
with the major professors and department heads in the various 
engineering schools by seminar lectures. These talks would ac- 
quaint the prospective engineer with opportunities in specialized 
fields and also give the student a clearer perspective of his ulti- 
mate desired goal. The second advantage of a seminar class would 
permit the instructor to inculcate at an early date some thoughts 
concerning the professional conduct and ethics of engineers. Al- 
though an engineering professor is not presumed to be a philoso- 
pher, this would be an excellent time to mention the responsibility 
of the engineer to the community in which he lives, and at the same 
time discuss such questions as honesty, criteria of truth, the pur- 
poses and values of life, and the spiritual forces in individual satis- 
factions and in social organization. 

A quick perusal of the outline in Appendix I will show a great 
similarity with the mechanical engineering courses now taught in 
a number of institutions, with the exception that a greater emphasis 
is placed on the inclusion of additional fundamental courses in the 
sophomore year. This difference is purposely intended in order to 
give the engineer a firm foundation in the most important of his 
working tools. Instead of discussing each course in detail and the 
reason for its inclusion, comment will be restricted to those sub- 
jects which are most likely to be questioned. 

Physical chemistry is added to the sophomore year to give the 
mechanical engineer needed information on the general properties 
of solutions and the pressure-volume relations of gases. Certainly 
a basic course in biology and bacteriology is essential for public 
health engineering and even the combustion engineer could con- 
ceivably find value in a fundamental consideration of general biol- 
ogy dealing with the products of living matter, and the biochem- 
istry and the biophysics of bacteria. 
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It is not uncommon to hear a graduate engineer express an occa- 
sional regret in not being able to read a foreign technical publica- 
tion on some subject of great interest. For a generation of young 
Americans who are growing up in a world where they must learn 
how to get along with European and Asiatic peoples, it is conceiv- 
able that the engineer of tomorrow will not only want but even 
require a knowledge of one or more foreign languages. 

Instead of taking a year to study alternating and direct elec- 
trical currents, it would seem possible for a mechanical engineer 
to acquire in a single term a working knowledge of the general 
principles of the electric circuit as applied to the generation, distri- 
bution and utilization of power. Such an applied course would be 
valuable to the extent that it includes considerations employed in 
using electric drives, electronic and photoelectric control circuits, 
electric furnaces and ovens. 

It might be argued that the courses listed as accounting and 
business law in the junior year are electives and should be left to 
the option of the student. An inquisitive individual can generally 
find a way after graduation to secure knowledge in the social sci- 
ences, depending upon acquired interests. However, this is not so 
true of either accounting or business law, as these subjects are more 
difficult to master without teacher guidance and direction. Invari- 
ably an engineer is confronted at some time during his career with 
the necessity of knowing something about the theory of accounts, 
systems of recording entries, preparation of financial statements 
and the analysis of various business transactions. Likewise a 
course in law is valuable to the extent that it relates to engineering 
contracts, sales, property, carriers and something about inventions 
and patents. 

Although the fundamentals of heat transfer are taught in one of 
the basic physics courses, a specialized knowledge of this subject 
cannot be over-emphasized, as an absolute necessity in the training 
of an air conditioning engineer. Detailed consideration should be 
given to the laws of radiation, conduction, and convection; dimen- 
sional analysis, film theory and transient heat flow, as well as 
steady-state conditions. 

Just as internal combustion engines will be found in most heat 
engineering courses, it is also customary to find a general treat- 
ment of the refrigeration cycle. However, it is important that 
more time be devoted to refrigeration and that is the reason for its 
inclusion in the senior year. This course should include a study 
of the thermal, physical, and toxic properties of the chief refriger- 
ants and also data on the absorption and adsorption properties of 
air drying agents. Such an applied course should not only include 
information on the application of refrigeration to air conditioning, 
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but also its use in the food, brewery, confectionery, textile, petro- 
leum, and chemical industries. ; 

Fluid mechanics is of vital importance to the air conditioning 
engineer from several angles. Problems relating to flow of steam, 
air, gas and other fluids through pipes, ducts and into confined and 
unconfined spaces are continually being encountered. For that 
reason a basic course of this nature has value in that it teaches the 
physical properties of fluids, laminar and turbulent flow, wave 
motion, skin friction and flow through pipes. 

The list of graduate courses could be expanded materially, but 
those outlined in Appendix I may be considered as basic or re- 
quired. Certainly in public health engineering, courses in physi- 
ology, organic chemistry and air examination are prime requisites. 
From the manufacturing viewpoint, industrial hygiene is bound to 
demand more recognition in reducing absenteeism from illnesses 
and accidents. A knowledge of the biology of food products is also 
of utmost value in public health administrative work and in the 
application of air conditioning to such industries. 

At the moment there is a negligible demand for properly trained 
heating and air conditioning engineers, but with the advent of the 
post-war reconstruction period, there are ample signs in the horizon 
to confirm the belief that the air conditioning industry will have 
new and greater frontiers. Hence, educators should plan for the 
future and make certain that the objectives of engineering training 
include a critical mastery of the fundamentals and greater em- 
phasis upon a few carefully selected application courses. Working 
with such tools the air conditioning engineer is bound to make a 
valuable contribution toward the improvement of the health and 
comfort of all mankind. 


APPENDIX I 


Freshman Year 


First Term Second Term 
Mathematics (Analytical) Mathematics (Differential 
Physies (Mechanics) Calculus) 
Chemistry (General) Physics (Heat) 
Engineering Drawing Chemistry (General) 
English Descriptive Geometry 
Military Science English 
Physical Training - Military Science 
Seminar Physical Training 


Seminar 
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Sophomore Year 


First Term 


Mathematics (Integral Caleu- 
lus) 

Physies (Electricity) 

Chemistry (Physical) 

Machine Drawing 

Foreign Language 

Metal Casting 

Military Science 


Second Term 


Mathematics (Differential 
Equations) 

Physics (Light and Sound) 

Biology and Bacteriology 

Machine Design 

Foreign Language 

Machine Tool Laboratory 

Military Science 


Junior Year 


First Term 


Mechanics (Statics and Dy- 
namics) 

Engineering Materials 

Thermodynamics 

Electrical Engineering 

Accounting 

Electives 


Second Term 


Mechanical (Strength of Ma- 
terials) 

Testing Materials Laboratory 

Heat Engineering 

Engineering Laboratory 

Business Law and Contracts 

Electives 


Senior Year 


First Term 


Mechanics (Dynamics) 
Heat Transfer 

Heat Engineering 
Heating and Ventilating 
Engineering Laboratory 
Seminar 

Electives 


Air Conditioning Graduate Courses: 


Advanced Mechanics of Fluids 
Advanced Heat Transfer 
Advanced Thermodynamics 


Physiology 
Organic Chemistry 
Air Examination 


Second Term 


Mechanies (Fluid) 
Refrigeration 

Power Plant Engineering 
Air Conditioning 
Engineering Laboratory 
Seminar 

Electives 


Heating and Air Conditioning 

Cooling and Refrigeration 

Mechanical Equipment of 
Buildings 


Public Health Engineering Graduate Courses: 


Industrial Hygiene 
Biology of Food Supplies 
Public Health Administration 


ee 











THE MORALE FUNCTION OF THE EXECUTIVE * 


By LEROY H. KURTZ 


General Motors Overseas Operations, 1775 Broadway, New York City 


Morale is a state of Faith. In military, political, or industrial 
affairs it is essentially faith 


—TIn the organization. 

—In its leadership. 

—In its objectives. 

—TIn the achievement of these objectives. 


Morale is personal in origin, for as Napoleon said, ‘‘There is 
no such thing as a good regiment or bad regiment, but there is such 
a thing as a good or bad Colonel.’’ Organization morale thus op- 
erates from the top down. Only enlightened leadership in action 
can produce the esprit-de-corps that distinguishes the alert, aggres- 
sive, continuously advancing army, party or business institution. 

Since this quality must be transmitted from the leader through 
his subordinates until it permeates the whole personnel, it follows 
that the real morale officer of an organization is the Chief Execu- 
tive. It is he who must keep the executive staff tuned up so that 
they will effectively carry out their morale function. 

Morale results not from giving people something, but from mak- 
ing proper demands upon them, demands which enable them to 
win the psychological rewards of achievement. As for direction 
and control, a tough equitable discipline is a greater morale builder 
than the flabby partiality of uncertain generousness. 

Morale connotes energy, eagerness, teamwork, success; lack of 
it is marked by confusion, apathy, muddling and failure. We 
particularly can’t afford these latter deficiencies in war time any- 
where in our industrial machine. So today the morale function of 
the Chief Executive, recognized as vital in the original building 
of the business, must be accepted as equally important in the ener- 
gizing of the organization to its full fire power. 

At this point I think we might define several of our terms. As 
a leader exists to release the power of his followers to express them- 
selves, we may say that Leadership is the art of getting people in 
the right frame of mind to do their best. Morale is that quality of 

* Presented at the fiftieth annual meeting, S. P. E. E. (Industrial Engi- 
neering), New York City, June 27-29, 1942. 
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physical, mental and spiritual fitness that demands release in action 
against the recognized objective. 

An executive is one who is responsible for certain results in- 
volving the efforts of others. Senior executives include those as- 
sisting the chief executive in managing the enterprise as a whole, 
and those directly responsible for the operation’s principal 
divisions. 

I shall handle this subject of executive morale in several brief 
parts, of which the first is Maintenance of Executive Efficiency. 


Part I. MAINTENANCE OF EXECUTIVE EFFICIENCY 


It is useless to talk of the morale function of the executive if 
that executive is not an efficient operator. The morale of the or- 
ganization is based largely on the confidence of its members in the 
ability, experience and leadership of the responsible executives. 
Yet one sometimes hears executives complain of the lack of morale 
on the part of their staffs. They may not use this particular word, 
but the shortcomings described make it evident that a morale de- 
ficiency is the fundamental cause of the condition mentioned. It 
need hardly be argued that no leader blames his followers for lack 
of the spirit which it is his function to supply. 

A recent survey by an insurance research bureau among a num- 
ber of agencies showed an apparent close relationship between the 
morale of the personnel of the individual agency, and the over-all 
results obtained. The limiting factor was usually the quality of 
the management. You are no doubt familiar with similar instances 
in other fields. We cannot assume that men whose managerial 
efforts are now unsatisfactory were not adequate in earlier years. 
Undoubtedly many had then demonstrated their executive ability. 
What has happened ? 

There are various reasons for the development of an adverse 
trend in the efficiency of some executives. The individual’s pre- 
determined ambition may have been realized, or his age or failing 
health may contribute to a condition of declining strength and en- 
ergy. Certain executives, too long in the same position, tend to 
believe that the important problems of the assignment have been 
solved, and that nothing remains but to carry on in routine fashion. 
They thus acquire a layer of sophistication that insulates against 
new ideas and points of view. In other instances, while ably carry- 
ing on within the limits of the immediate operation, they may not 
be sufficiently farseeing to head off future trouble. 

In good times results may be satisfactory, regardless of a decline 
in organization efficiency, but when changed conditions bring a 
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poor showing, the individual executive is scrutinized critically and, 
if slipping, is likely to fare badly. But such ruthless elimination 
might often be avoided, I believe. If industry were more critical 
of its executives in good times, it could be more lenient with them 
during hard going. If the chief executive will maintain a healthy 
dissatisfaction with his senior executives, regardless of current fine 
returns, they are likely to continue contributing to the progress of 
the enterprise. Otherwise some tend to become surf riders. Then, 
when the tide is going out, they will not have developed the muscles 
to swim against it. Who is to assume the task of checking the 
work of the senior executive, of inducing him to become more fully 
aware of the strategic details of his responsibilities, of providing 
incentives for the fullest expansion and continuous output of his 
powers ? 

The personnel department is usually busily engaged in training 
the lower ranks of employees, and in aiding in the selection of 
supervisors and minor executives. Also in many cases the per- 
sonnel manager is not expected to concern himself with the activi- 
ties of those who are equal or superior to him on the organization 
chart. The case of the senior executives is thus left in the hands 
of the Chief himself. 

Several years ago it was suggested by E. R. Stettinius, Jr., then 
Chairman of the Finance Committee of the U. 8. Steel Corporation, 
that a company of any size should have a vice-president or an as- 
sistant to the president, in charge of personnel. This officer would 
make it his business to keep in touch with the principal executives, 
to endeavor to maintain at par their interest and personal activity 
and, when necessary or advisable, to recommend their transfer into 
more suitable positions. He would also endeavor to keep coming 
along a group of younger men qualified to take their places at the 
proper time. 

Mr. Stettinius’ suggestion is being carried out to a certain ex- 
tent by a number of organizations, even though a high executive 
may not be given this particular task exclusively. The plan is an 
excellent one, for while there are many able supervisors, there are 
few good executives. It therefore seems only reasonable that some- 
thing specific should be done to conserve and strengthen those we 
have, and to induce others to develop along the right lines. 

Executive positions require ability to make decisions from com- 
plex sets of circumstances. The responsibilities involved are such 
that many men definitely reject such positions; others find them- 
selves unhappy in them, and still others, as suggested, lose interest 
and become relatively inactive. Certainly any such occupant can- 
not possibly contribute favorably to organization morale. 
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Chief executives generally recognize the tendency of some mem- 
bers of their staffs to show a decline in interest and attention to 
their duties, particularly to their leadership functions. However, 
they are uncertain or differ as to what can or should be done 
about it. Professor Holden of Stanford tells me, for instance, that 
when preparing his recent book on Top Management, he found a 
very strong interest in the handling of problem executives on the 
top side in almost every company participating in the study. How- 
ever, he adds that none had found any satisfactory solution. Some 
that I have contacted personally think that this is an inevitable 
situation to be eventually handled through a pension system, in the 
meantime transferring the individual into a position where no par- 
ticular driving power is required. Others feel that a shifting 
around into new responsibilities tends to re-awaken interest and 
ambition and cause an improvement in the executive’s efficiency. 

Now what are some of the things the Chief Executive can do to 
strengthen the morale of his staff and of the organization generally ? 

In the first place he must take the necessary time—time to 
demonstrate his appreciation of the vital importance of personal 
leadership. The tendency is for the top executive to become di- 
vorced from actual operations, to concentrate on administration, 
and to leave leadership and personal contact with the organization 
to his subordinates. Perhaps one of the secrets of Hitler’s hold 
on the German people was revealed when he pointed out to Rausch- 
ning the danger of violating such a leadership principle, saying : ‘‘I 
constantly insist that all leaders should talk, discuss, hold meetings, 
remain always in close touch with the mass of the party. If you 
lose that contact, you may have the best intentions in the world, 
but no one will understand you.”’ 

Secondly, aside from the general measures I shall mention for 
energizing his staff, the Chief should specifically direct his attention 
to their leadership qualities, in which lie an executive’s real 
strength. Some may be temperamentally unfitted to be leaders, 
but others may be induced to expand desirable latent qualities. In 
dealing with executives, what is most needed is not a program to 
show them what to do and how to do it, but a method of arranging 
for them to become aware of the need for something to be done. 

So it would seem that the important factor in all this is a recog- 
nition of the time at which men start to slow down. Once that is 
established, something can be done to reinvigorate them and to 
arouse their former interest in progressive ideas and forward- 
looking activities. It is ordinarily difficult of course, to recognize 
any such point in those with whom one is in daily contact, and who 
are apparently in agreement with our operating philosophy and 
procedure. 
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Part II. AppLicaTION OF THE CURVE OF GROWTH 


An untold story of American education is the relation of the 
teaching in our engineering schools to the replacement of the opti- 
mistic hunch and prejudiced opinion in a good part of our business 
institutions by the deliberate search for facts upon which to base 
commercial policies. Engineering graduates also have taken into 
our factories the research and testing state of mind that has re- 
sulted in new methods of production, making possible a constantly 
improved product at lowered costs. 

A similar service can be rendered the country through a pro- 
jection of this doctrine of the experimental attitude toward experi- 
ence into the hierarchy of practicing management. Something is 
needed to assure the periodical tuning up of the executive leader- 
ship in numerous organizations. 

I spoke some time ago with the Chairman of the Board of a large 
company about the progress being made by his organization. He 
was not satisfied. ‘‘We need an appraisal of executives to keep 
them good,’’ he said, ‘‘and for the sake of the younger men who 
want to forge ahead.’’ He considered that too many of his execu- 
tives felt they knew all the answers, because they had grown up 
with the business. This mentality effectively insulated them from 
new ideas, and tended to repress the younger executives who could 
still see fresh horizons ahead. Unfortunately, such a state of af- 
fairs is not uncommon in businesses that have passed or are passing 
their first generation. Each such organization has its own per- 
sonnel difficulties that must be studied intimately before pertinent 
suggestions can be made, so it is possible to consider here only some 
general approaches to these situations. But before discussing 
these, let us first look at a timetable and road map to spot our 
position and where we are going—that is, the company, and the 
executives guiding its destiny. 

Exhibit A is the well-known §S curve or Curve of Growth, as 
adapted by Paul Cherington to the history of a business depending 
on public favor. (From ‘‘People’s Wants and How to Satisfy 
Them,’’ by Paul T. Cherington, Harpers.) 


Growth Curve 


In the pioneering period it grows slowly; as public acceptance 
comes, apparently nothing can stop it. It hits the peak of success, 
then hard work is required to keep it level, and a saturated market 
causes it to sag, in spite of frequent boostings, unless rejuvenated 
policies are injected about this point. This curve might be built 
up by a weighting of several factors such as volume of sales, turn- 
over, net profits, expense ratio, and ratio. of sales to some total, such 
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as known competitive volume. This curve is indeed characteristic 
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Curve of Executive Progress 
The top line of 100 per cent represents the feasible job. The 
curve travels through time. Our executive starts growing; he 
pushes the job ; he reaches his peak of enthusiasm and performance. 
Then he starts to lose interest; the job pushes him; down he goes, 
unless he is given the possibility of fresh vision about here. 


CURVE OF 
EXECUTIVE PROGRESS 
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The composition of this Executive Curve, as indicated in Fig. G, 
which constitutes a segment of this master curve, might include 
such factors as Executive Qualities, Executive Techniques, Results 
and Future Value. These factors, properly weighted, would con- 
stitute 100 points maximum, for rating purposes. 
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Executive Progress 


I have weighted these factors equally except to count Results 
double any of the others. From a Qualities rating of 85, Tech- 
niques 88, Results 90 and Future Value 75, we get a figure of 85.6 
as representing the organization’s appraisal of this particular ex- 
ecutive in 1935. On the same basis for 1936 the total rating is 88, 
and so on for other years. But we don’t stop with tabulating these 
figures. We use them to develop this trend curve of our executive’s 
progress. ; 

I believe you will agree that the development of such a trend 
curve is more valuable to the business—and to the individual—than 
a study of the rating figures for single years. Good reasons are 
usually advanced and may be accepted for any particular year’s 
poor performance, but any definitely established unfavorable trend 
should bring inquiry and action on the part of the Chief Executive. 

Suggested rating materials from which this progress trend curve 
can be built up are illustrated in Exhibits C to F. Naturally, the 
particular qualities and techniques or results to be considered in 
such ratings are dependent upon the type of business in which the 
executive operates, and the area of his responsibilities. 


Executive Qualities 


Here is a scale on which the executive may be rated on ten 
qualities. This may be done on the basis of Poor, Below Average, 
Average, Above Average, or Excellent, each quality rating from 
one to ten points. Or attention may be given to suggested specific 
comments; as regards Health, we might go from Poor Health— 
Often in no Condition to Work—up to Always Fit. Or questions 
may be asked to point up the rating, such as under ‘‘ Resourceful- 
ness’’—Is he resourceful? Can he usually produce .a winning 
plan? Does he inspire this quality in others? Check for origi- 
nality, imagination, alertness. (These qualities in my list are not 
far removed from those named by John Hays Hammond as dis- 
tinguishing the good engineer.) 


Executive Techniques 
The same choice of procedures can be applied to the rating of 
Executive Techniques, for which I have selected the ten shown. 
Executwe Results 


Here is a sample results scale for a merchandising executive in 
a particular industry. We rate him on his ratio, or percentage of 
the total business obtained ; on the profits made by his dealers; and 
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EXECUTIVE RESULTS 


We ights actual Quota 


Ratio 


25 35 20 


Dealer Profits 


Merchand is ing 
Profits 


Total Rating 





weighted to equal the other two factors, his own merchandising 
profits. 


FUTURE VALUE 
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Future Value 
We might consider these factors— 


Age—Present age and years to go. 
Health Tendency. 

Adaptability—for other assignments. 
Driving Power. 


While our rating trend curve indicates the progress of the in- 
dividual executive, it is true of course that executives must be 
considered as good or poor only in relation to their responsibilities. 
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In the abstract their qualities may rate high, yet because of one 
or two particular deficiencies, they may be quite unsuited for a 
certain assignment. To be most effective, therefore, any rating 
of an individual executive should be matched with the profile of 
the particular responsibility assigned him. 

Individual ratings should be discussed once or twice a year 
with each executive in order that he may know definitely where he 
stands in the organization and what the management thinks of his 
future value to the company. It is difficult for the individual to 
appraise this situation for himself—and business hopes and fears 
make poor material for the upbuilding of morale. There does not 
seem to be any logical reason to dodge this issue. 

Regardless of the definite rating scheme adopted, a summary 
report should be included that will facilitate action to correct any 
unfavorable trend. This report would contain specific sugges- 
tions for possible educational or development measures, or if nec- 
essary transfer or dismissal, or if deserved, promotion. 


Part III. A MEASUREMENT OF EXECUTIVE PROGRESS 


So in fairness to executives, in my opinion, some written review 
and record should be kept of their progress and of their results. 
This should be more than a history of their past actions. It should 
also reflect their present capacities and indicate the direction they 
are going. Without periodical review of some such progress rec- 
ord, men are quite likely to be given assignments greater or less 
than their current capacity, based on a more or less hazy recollec- 
tion of some previous performance. 

There are two questions that must be answered before pro- 
ceeding with confidence on this program. First, is it practicable 
to rate executives? And, second, is there likely to be an accurate 
relationship between ratings made in various years? 

As regards the first question, it is possible to procure varied 
opinions. Some top executives who give much attention to rating 
other personnel do not feel that an executive, because of the nature 
of his work, can be rated fairly. I have discussed the subject with 
many, and will quote several typical opinions. 

The Executive Vice-President of a food manufacturing company 
says: ‘‘The fact that a man reaches a senior executive position in 
a large corporation today is of itself evidence that he has a pre- 
ponderance of the qualities necessary in that particular corporation 
at that particular time. That he has ascended high on the execu- 
tive scale should mean that he has the ability and willingness to 
earry responsibility, that he is able to make decisions speedily and 
correctly, and that he has good judgment. 
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‘The qualifications and limitations of senior executives must 
be recognized, but it would be exceedingly difficult to devise any 
specific type rating which would be fair to all. 

‘“‘Thus far our experience has been that we must accept the 
judgment of the associates of each executive as to his capabilities. 
There is ordinarily no problem in recognizing superior merit. The 
difficulty comes in finding those situations where men are slipping 
or where they are working just hard enough to get by. The man- 
agement of every successful corporation must be continually on 
the alert to discover tendencies toward dry rot, and to use the 
pruning shears to prevent an accumulation of dead wood. No 
Chief Executive who lacks the courage to meet these issues can 
long be successful. 

‘‘Under ordinary circumstances, when a person declines in ef- 
fectiveness, he himself will rarely recognize or admit this. It is 
usually better to make a clean cut-off with as liberal a separation 
allowance or pension as the company can afford.’’ 

A well-known New York banker is dubious about the possibility 
of a thoroughly objective use being made of executive progress 
trends. ‘‘The incompetent are so adverse to facing facts,’’ he says, 
‘‘and the competent are too often unwilling to force them to do so 
owing to emotional reactions.’’ 

Now for the affirmative side. The realistic president of a highly 
successful manufacturing company which has changed over nearly 
100 per cent to the war effort, and is now doing over eight times its 
normal volume, heartily approves some such rating plan. He says: 
‘‘Chief executives should take inventory of their organizational 
set-up much more frequently, not only for the good of the company, 
but also for the good of the men themselves. The executive sets 
the tempo for morale or esprit-de-corps in organizations but many 
of us fail to realize that this is the case.’’ 

The president of a large chain of retail stores feels that it is 
generally realized in business that many employees and executives 
tend to slow down and to become less efficient and resourceful. On 
the other hand his observation has been that most organizations 
simply allow such conditions to exist without trying to do anything 
in particular about them. 


His experience has convinced him that certain standards can . 


be developed for any position, and that performance against these 
standards should be reviewed periodically in concert by the Chief 
Executive, the personnel manager and the comptroller. 

A Mid-West banker, who has written extremely sound treatises 
on management, is a firm believer in the regular rating of em- 
ployees. Each employee in his bank is rated once a year by his 
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immediate departmental or division superior. As he puts it: 
‘“What we are principally concerned about is anyone who is a 
problem to the business or his associates. He is immediately put 
on a problem list and a careful investigation is made of the situa- 
tion to determine just how serious the problem is, if it can be cor- 
rected, if decisive action is necessary, or if it is just one of those 
problems that we can and should live with because it is offset by 
other circumstances or advantages. 

‘At the end of one year and five years the question is raised as 
to whether the individual should stay with the business. This is 
where a good many future headaches can be stopped.’’ 

This chief executive asks his staff at the close of the fiscal year 
for a progress report, consisting of a statement of what was ac- 
complished in the year just passed, and what is intended to be 
accomplished in the coming year. This furnishes him with a quick 
review of the entire business operation and is besides an almost 
certain index of the individual’s attitude and comprehension of 
the business operation. He says further: 

‘‘The trouble with most businesses is that they expect efficiency 
but do not teach it, and while this may appear to apply mostly to 
the general body of employees, I think analysis will show that it 
applies just as much to the executive personnel. An executive 
slows down because his problem is not constantly re-defined and 
his goal or his standards not constantly moved out in front of 
him.’’ 

As to the question of the relationship of ratings from year to 
year, it seems to me that the important thing is not the absolute 
accuracy of each individual rating, but the relative rating as com- 
pared with previous years. After all, it is more important to know 
where a man is going than where he is. A definitely unfavorable 
trend would certainly indicate that some action should be taken. 
Even a rating that stood still would have its significance. 

It is difficult to see why anyone who believes in ratings for in- 
dividual years should lack confidence in them when they are used 
to produce a trend. Different people may do the rating in vari- 
ous years, but nevertheless each approved rating represents the 
organization’s opinion of the individual executive at that time. 

Of course anyone in business is viewed with different eyes from 
those in different relationships to him. An executive, for instance, 
is considered in one light by those he directs, in another by his 
fellow executives, and still another by his superiors. The sum of 
their opinions of him probably covers his various capacities quite 
well, although some adjustment of views may be necessary before 
it is possible to get an over-all picture in proper focus. 
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In rating senior executives, it might be well to consider pro- 
viding a broad base for such an appraisal, by having ratings made 
by two or three equals, and by a superior if any exists. A satis- 
factory composite of such ratings could then be made by the ex- 
ecutive in charge of personnel, and this approved or modified by 
the chief executive. In this way, the official view of the executive 
is agreed upon by the organization, covering a certain period. 

A rating system is of course a device to outwit human nature, 
which stubbornly refuses to be objective, prefers people ‘it likes 
to those perhaps more competent, and rejects any fact opposed to 
its emotional prejudices. However, the very existence of such a 
system indicates an effort to be fair, and it should therefore be 
kept operative, regardless of the degree to which it is actually fol- 
lowed in the handling of personnel. In this as in many other mat- 
ters, something is better than nothing. 

The fact that many employee rating schemes are gradually ig- 
nored or eventually tossed out, is not a condemnation of their util- 
ity but rather an argument for their necessity. Such action re- 
flects the irritation and impatience that accompanies any moral 
compulsion to substitute reasoned consideration for emotional se- 
lection, or to revaluate those about whom one has preconceived 
notions. 


Part IV. Meruops or DEALING WITH THE PROBLEM EXECUTIVE 


An important morale phase of executive work is the construction 
of correct motivating forces for the individual employee through 
training, indoctrination and the provision of incentives. Appar- 
ently too often, however, the executive hierarchy is assumed to be 
sophisticated beyond the reach of normal motivating techniques. 

Some appeals do lose their force as time passes and financial 
success comes. The mature senior executive is not likely to re- 
spond to a challenge in the immediately enthusiastic and unques- 
tioning way that characterized him as an aspiring junior. He 
tends to be extremely critical of the end itself and of the means 
suggested to reach it, and to be overly conservative in estimating 
the time element. These are natural reactions of the experienced, 
and one must be prepared to expect them. But while this attitude 
replaces the fire of youth, it would appear possible for leadership 
to inject or induce the retention of that spirit of inquiry and dis- 
satisfaction which is by no means exclusively a youthful attribute. 
Scientists, research students, leaders of thought in all fields, whether 
their ages be twenty or eighty, have this spark of divine discontent 
that urges them onward to fresh achievements. 
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It is certainly a far better policy to build up a man to the point 
where he can handle the responsibilities of a position, or else replace 
him, than to follow the all too common practice of letting others 
take over the important parts of his work, leaving to him only the 
privilege of interference. 

Now what definitely can be done to reinvigorate those executives 
who have lost some of their interest in their work, or to otherwise 
help those who are slipping? Of course there is always the frank 
personal interview with the chief executive, which might be con- 
sidered obvious, except that too often executives carry on to the 
end without having been given any inkling by management that 
their attitudes or activities are unsatisfactory. 

Then second, some executives should be given enforced vacations 
for reasons of health. Some of these men look after the business 
without regard to themselves, get run down, and may eventually 
pass out of the picture because of physical inability to carry out 
their responsibilities. 

Third, is what seems to be the most common practice—that of 
horizontal promotion or transfer. Such transfers are made on the 
premise that a man may have made his contribution to a particular 
position, but can bring something new and fresh to another as- 
signment. 

Fourth, inject competition. Too much of executive thinking 
becomes synthetic. Some executives begin to lean on their staffs 
not only for the conduct of current operations, but also for any 
advanced thinking and planning. One way to offset this tendency 
is to create a condition in which they are brought back into com- 
petition with those now actually carrying the loads. A procedure 
for doing this is in existence and is worth serious study. It is a 
far reaching program for clarifying organization lines, improving 
techniques, and placing management officials into competition for 
ideas with their equals and subordinates. 

This is the Organization and Management Program of the So- 
cony-Vacuum Oil Company. Another program meriting attention 
is the somewhat more familiar Multiple Management Plan in use 
by McCormick, Williamson and other companies. 

Where business executives are not subjected to constant com- 
petition, conditions are frequently found paralleling those in an 
army where mediocre officers are pushed along automatically into 

higher grades in peace time, and finally wind up being pitched into 
a war. Therefore an important corollary to the horizontal switch- 
ing of executives, or a factor to be added to the situation in which 
they are at present operating, should be an arrangement to promote 
this competitive element. (I am speaking of competition primarily 
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in thinking and planning. Naturally the organization must be a 
unit in carrying out the plans.) 

Fifth, a personal test. Chief executives who ask their staffs to 
answer a list of questions bearing on their responsibilities, may be 
surprised at their lack of familiarity with immediately important 
problems. 

Sixth, line and staff switches. Occasionally line executives who 
seem to be slipping are given staff assignments. This does not 
appear a satisfactory solution in most eases. The analytical, plan- 
ning type of mind essential for a good staff man is not likely to be 
present in an ineffective or slowing down executive. On the other 
hand, a good staff man who has gone stale may get his batteries re- 
charged by a period of line responsibility in the field. The ideal 
line executive is one who does a good bit of staff work himself, 
rather than relying entirely on headquarters for his planning. But 
unfortunately many executives are not in this class. 

Seventh, one might suggest specific assignments. A general 
executive, or one who has operated for years in a purely advisory 
or supervisory capacity, may react in a highly gratifying fashion 
to being given a problem to handle personally. 

Eighth, retirement. Failing the possibility of improvement, 
there remains retirement, voluntary, induced or compulsory. More 
and more organizations are arranging pension plans that will per- 
mit the retirement on part salary of its personnel, including execu- 
tives, at the age of 60 or 65. Napoleon, as is true of many modern 
business leaders, did not like to change his executive staff. At St. 
Helena he said ‘‘I was wrong. The idea is right up to a certain 
point, but when a man goes to sleep in his position he should be 
superseded. ’’ 

Ninth, promotion outside. W.B. Donham, when Dean at Har- 
vard Graduate School of Business Administration, stated his be- 
lief that business must develop its leaders more rapidly so that 
they may be placed in a position to direct their organizations before 
they become superannuated. To do this he suggested that more 
young men of apparent ability be taken into the organization than 
needed, and that the surplus be promoted to outside companies. 

Tenth, capitalizing the junior executive. As nothing can take 
the place of youth, it is highly important to capitalize its daring 
and energy. Management can well encourage fresh and even radi- 
cal thought on the problems of the business, from all those having 
enough understanding to design a program and enough interest 
to express it. Occasional or periodical examinations might disclose 
talent in the younger group suitable for promotion, besides pro- 
viding a candid camera photograph of the current vision of the 
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leaders of the organization. Particular efforts should be made to 
feature the achievements of the junior executives. This may be 
helpful in inducing the seniors to project their own thinking ahead, 
and to give the ability of the juniors fair consideration so that 
they may not be unduly held back. With the primary object of 
training the junior executives, it is not difficult also to arrange for 
needed refresher seminars for the seniors. The medical and teach- 
ing professions recognize that education must be continuous, even 
extending to the leaders. Why doesn’t this hold good also in the 
profession of Management ? 

The junior executive should be encouraged to spend some time 
in studying outside organizations, to meet and talk with leaders in 
other fields, and keep in touch with progress everywhere. He 
should so energize himself that he will not bog down to the deaden- 
ing mediocrity that comes to so many with middle age, and thus 
contribute to that organization condition once graphically reported 
by Lord Kitchener: ‘‘The only continuity of policy I can see that 
has been maintained by the present military system in India, and 
is inherent in it, is that of making it easy to stand still and ex- 
tremely difficult to move forward—a condition which cannot be 
described as satisfactory.’’ 


In closing I may summarize the principal points I have tried 
to make as follows: 

For their own guidance and to establish their proper stand- 
ing in the organization, executive personnel should be rated 
periodically. ; 

Such ratings should be used to develop a trend of the execu- 
tive’s progress. 

Prompt action should be taken to head off any unfavorable 
trend apparent in executive effectiveness. 

For the good of both the individual and the business as a whole, 
an organization and management program should be developed that 
is in effect a course of continuous training. 

Long and short term goals and standards of performance should 
be established for the business as a whole and for the individual 
executive and the departments or branches under his supervision. 

Ways and means should be found for bringing new blood into 
the business so that management will always be in the position of 
controlling a dynamic force rather than of endeavoring to energize 
a tired staff. 

Men who are kept in a high state of morale do not easily lose 
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interest in what they are doing. The chief executive, as the morale 
officer of the company, must see to it that his executive staff does 
maintain this interest. 

The result of such leadership is a confident and ready organiza- 
tion, able to handle calmly any emergency as it comes along. In 
such organizations it is not necessary to make a hasty sweep of some 
of its officials when new conditions arise, on the ground that they 
were competent to operate in normal times but have suddenly be- 
come useless when the going gets hard. 

Finally—Industry has long prided itself on developing its own 
leaders, although perhaps it might be argued that Time has de- 
veloped them. It is extremely important for the country that In- 
dustry continue to develop its own leaders, but it will now have to 
do this without the help of Time. 
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Co., Farmington, Mich. J. 8. Thompson, F. L. Bishop. 

SHERRILL, RicHARD E., Professor and Head, Dept. of Oil and Gas, University 
of Pittsburgh, Pittsburgh, Pa. C. B. Stanton, Nell McKenry. 

SHIELDS, Burnit A., Chief Instructor, Civil Pilot Training, Polytechnic Insti- 
tute of Brooklyn, Brooklyn, N. Y. J. 8. Thompson, F. L. Bishop. 

Srmmons, ALLEN, Dean, Linsly Institute of Technology, Wheeling, W. Va. C. 
B. Stanton, Nell MeKenry. 

Sms, James R., Instructor in Civil Engineering, The Rice Institute, Houston, 
Texas. L. B. Ryon, J. L. T. Downs. 

Situ, Orro J. M., Instructor in Electrical Engineering, Tufts College, Med- 
ford, Mass. E. B. Rollins, A. W. Leighton. 

Sonon, Harry, Assistant Professor of Electrical Engineering, University of 
Connecticut, Storrs, Conn. J. H. Lampe, G. 8. Timoshenko. 

Spence, THomaAs R., Vice-Director, Engineering Experiment Station, A. & M. 
College of Texas, College Station, Texas. H. C. Dillingham, N. F. Rode. 

SPENCER, HexBert L., President, Pennsylvania College for Women; Coordina- 
tor, ESMWT, Carnegie Institute of Technology, Pennsylvania State Col- 
lege, University of Pittsburgh. C. B. Stanton, Nell McKenry. 

Swanson, Harry A., Assistant Professor of Civil Engineering, North Dakota 

Agricultural College, Fargo, N. D. R. M. Dolve, H. 8. Rush. 
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Van Driest, Epwarp R., Associate Professor of Civil Engineering, University 
of Connecticut, Storrs, Conn. F. L. Castleman, G. S. Timoshenko. 

Weems, Puiip V., Lt. Comdr. U. 8. Navy, Randall House, Annapolis, Md. 
J. 8. Thompson, F. L. Bishop. 

WETZEL, IRWIN T., Assistant Professor of Mechanical Engineering, University 
of Iowa, Iowa City, Iowa. J. W. Howe, H. O. Croft. 

WILLIAMS, LAVERGNE E., Instructor in Electrical Engineering, University of 
Pittsburgh, Pittsburgh, Pa. R. C. Gorham, P. E. Rush. 

WIssMAN, Ernest E., Industrial Engineer, Douglas Aircraft Co., Ine., El 
Segundo, Calif. J. 8. Thompson, F. L. Bishop. 


93 new members. 


COLLEGE NOTES 


Syracuse University. Kenneth C. Tippy, Chicago, Ill, has 
been appointed Assistant Professor of Civil Engineering, and How- 
ard W. Eves of the mathematics staff of the Tennessee Valley Au- 
thority, Chattanooga, Tenn., Assistant Professor of Applied Mathe- 
matics. 

The University of Texas has appointed M. J. Thompson chair- 
man of its newly created Department of Aeronautical Engineering. 
This work in the aeronautical field is an outgrowth of courses 
started in 1926 and previously offered in the Department of Me- 
chanical Engineering. Plans are now well developed for the 
offering of a Bachelor’s and graduate degrees in aeronautical 
engineering. With an accelerated program involving attendance 
through the summer months, the work for the Bachelor’s degree 
can be completed in approximately three years. Additional mem- 
bers of the Aeronautical Engineering staff include M. V. Barton, 
Harry W. Brown, and John C. Bowman, with the Consolidated 
Aireraft Corporation in San Diego. 

An extensive program of Engineering, Science, and Manage- 
ment War Training courses is also being carried on in the aircraft 
field with courses available in Austin, Fort Worth, Dallas, Houston, 
and other points throughout the state. At present nearly forty 
part-time classes and one full-time course in aeronautical engineer- 
ing are in progress with nearly a thousand men and women re- 
ceiving training in this critical field. 

The University plans to expand rapidly both its instructional 
and research work in the aeronautical field to meet the tremendous 
demands for trained technical personnel, particularly in the South- 
west. At present all efforts are being concentrated on the training 
requirements of the war program with instruction available to 
both men and women. 















MINUTES OF THE MEETING OF COUNCIL 


A regularly called meeting of the Council of the Society was 
held at the Drake Hotel, Chicago, Tll., on Monday, October 26, 
1942 at 7:30 a.m. President Heald presided. 

Present: H. T. Heald, C. E. MacQuigg, J. S. Thompson, F. L. 
Bishop, K. T. Compton, A. R. Cullimore, H. A. Curtis, F. M. Daw- 
son, N. W. Dougherty, S. B. Earle, C. 8. Ell, H. S. Evans, O. J. 
Ferguson, L. J. Fletcher, C. J. Freund, H. P. Hammond, R. P. 
Hoelscher, C. E. Lawall, A. A. Potter, D. B. Prentice, C. F. Scott, 
R. A. Seaton, R. L. Spencer, Jos. Weil, A. H. White, W. E. Wick- 
enden. (26). 

1. The treasurer made a brief report of the finances of the So- 
ciety. 

2. 53 new members were elected. (See November Journat for 
names. ) 

3. The following petitions for life membership were granted: 
J. V. Martenis, L. C. Plant and J. C. Tracy. 

4. 61 members were dropped for non-payment of dues—$20.00. 

5. Council approved the incorporation of the Society in the 
State of Pennsylvania and appropriated $150.00 for this purpose. 

6. The Division of Deans and Administrative Officers was re- 
established and the Executive Committee authorized to appoint a 
committee to effect such a division. The name of the division was 
changed to Division of Administrative Officers. 

7. President Heald explained that the Executive Committee had 
presented in person the letters previously approved by the Coun- 
cil to Mr. Paul V. MeNutt, Mr. Donald M. Nelson and Admiral 
Randall Jacobs, discussing with each respectively, the problems 
relating to faculties of engineering schools; the problems of the 
utilization of engineering colleges for research purposes; and the 
utilization of the colleges for college and sub-collegiate training. 
In the latter case the secretary’s office secured, by telegraph, in- 
formation from the engineering colleges and submitted same to 
Admiral Jacobs within the week specified as being useful. The 
Executive Committee has also been in touch with the Selective 
Service System, American Council on Education, the Army, the 
Navy and the Manpower Commission in new programs which are 
being developed. The Committee believes the purposes of the So- 
ciety would be best served by working through the American 
Council on Education rather than by making distinct and separate 
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contributions. It will be desirable, however, to draw in a number 
of people from engineering schools or the Society to serve in an 
advisory capacity in preparing curricula. 

8. Report of progress from Committee on Format of the Jour- 
NAL. 

9. Emergency fund increased by $300 to meet demands upon it. 

10. June 18, 19 and 20, 1943, approved as dates for 50th anni- 
versary meeting if the Drake Hotel cannot accommodate the So- 
ciety June 25, 26, 27. Drake Hotel is to be the headquarters for 
the meeting and sessions either in the hotel or on the downtown 
campus of Northwestern University. The following schedule ap- 


proved : 
Friday afternoon General sessions 
Friday evening Conference dinners 
Saturday morning Conferences 
Saturday afternoon General sessions 
Saturday evening Annual dinner 
Sunday morning General session 
Sunday noon Adjournment 


11. R. A. Seaton presented a request from ECPD’s Committee 
on Professional Recognition that an S. P. E. E. committee be des- 
ignated to work with it on its immediate objective of developing 
in the engineering student understanding and interest and atti- 
tude in respect to the engineering profession. Upon motion this 
request was referred to the Committee on Personal Development, 
2 Ivan C. Crawford, Chairman. 

Meeting adjourned at 9:15 a.m. 
Respectfully submitted, 
F. L. BisHop, 
Secretary. 
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‘O- A meeting of administrative officers of all engineering colleges 
or was held at the Drake Hotel, Chicago, Ill., October, 26, 1942, under ‘ 
vn the auspices of the Society for the Promotion of Engineering Edu- ; 
p- cation President Heald presided. There were 130 in attendance. 


Previous to the meeting, the Council of the Society had met at 
breakfast and had re-established the Division of Deans and Ad- 
ministrative Officers changing the name to the Division of Adminis- 
trative Officers. This group adopted Council’s action so that the 
meeting really became a meeting of the new Division Upon motion 
the Executive Committee of the Society was authorized to appoint 
a committee to function for the Division for 1942-43. The Com- 
mittee appointed is: R. E. Doherty, Chairman, Carnegie Institute 
of Technology, Pittsburgh, Pa., N. W. Dougherty, University of 
Tennessee, C. J. Freund, University of Detroit, E. L. Moreland, 
Massachusetts Institute of Technology, D. B. Prentice, Rose Poly- 
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a technic Institute, H. S. Rogers, Polytechnic Institute of Brooklyn, 
1g Thorndike Saville, New York University. 

‘ The Utilization of Facilities of Engineering Colleges for Spe- . 
is cific Programs of War Training was discussed by A. A. Potter, 
t, Purdue University, Col. B. R. Van Leer, Service of Supplies, and 


K. T. Compton, Massachusetts Institute of Technology. 

The Manpower Problem and its Effect on Engineering College 
Students and Staff was discussed by R. E. Doherty, Carnegie In- 
stitute of Technology, and Col. Edward A. Fitzpatrick, Selective 
Service System. A. A. Potter made a motion that a special com- 
mittee of the Society for the Promotion of Engineering Education 
be appointed to prepare material which may prove helpful to the 
Selective Service System in determining: 

1. Period in the engineering school to be considered for de- 
ferment. It is hoped that the committee will feel that residence 
at an engineering school of one term or one semester is sufficient to 
judge as to whether an engineering student is good material for 
additional training in engineering. 

2. That other matters to be considered by this committee are the 
practicality of returning students interested to their colleges in 
uniform, and other data of value to the Selective Service System. 

This motion was passed unanimously. President Heald ap- 
pointed the following committee: W. E. Wickenden, Chairman, 
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Case School of Applied Science, Cleveland, Ohio, K. T. Compton, 
L. J. Fletcher, C. J. Freund, A. A. Potter. The Committee met 
with Col. Edward A. Fitzpatrick and prepared the following peti- 
tion to the Selective Service. This petition was sent by the Sec- 
retary of the Society to General Lewis B. Hershey, Director of the 
Selective Service System. 


Repeated assurances have been given by the armed forces of their de- 
sire to use the services and facilities of the engineering colleges to the 
fullest limit, in order to maintain the supply of the technical personnel 
which is essential to the armed services, to the industries supplying their 
material needs and to the research services concerned with the develop- 
ment of new instruments of warfare. 

National Selective Service authorities have consistently recognized the 
critical scarcity of engineers, chemists and physicists by issuing directives 
providing for the deferment of students preparing for these professions, 
which in general have been observed by local Selective Service boards. 

The engineering colleges have interpreted these assurances and meas- 
ures as indicating the desire and policy of the war service authorities to 
maintain the full recruitment of engineering student bodies, either’ by 
deferments of students for the completion of necessary training or by 
their enlistment in reserve corps established by the armed forces. In 
order to maintain these policies in effect under the new Selective Service 
law, the engineering colleges through their national organization the So- 
ciety for the Promotion of Engineering Education respectfully petition 
the Selective Service authorities: 


1. To maintain an effective basis for the deferment of students in prepa- 
ration for critical technical occupations. 

2. To permit such deferment of engineering students under the following 
conditions : 

a. Enrollment in a college professionally accredited by the Engi- 
neers’ Council for Professional Development. 

b. Completion of not less than one semester’s work or its equivalent 
in a professional curriculum in engineering, physics or chemis- 
try with an average scholastic grade equal to that required for 
graduation. 

c. Evidence of being within three calendar years of completion of a 
curriculum normally covering four academic years, or within four 
calendar years of completion of a curriculum normally covering 
five academic years. 

d. Certification by the chief instructional officer of the college as to 
qualifying standards (b) and (c) above, together with recom- 
mendation for the student’s deferment, based on the probability 
of his successful completion of his training within the time limits 
indicated. 





In presenting this recommendation to Selective Service, the engineering 
colleges wish to point out that their curricula, while conducted principally 
at the undergraduate level, are professional in character from the begin- 
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ning; also that the studies regularly pursued in the first semester or term 
of enrollment, including higher mathematics, chemistry, physics, engineer- 
ing drawing and English are of high predictive value, especially when 
preceded by placement examinations which give a quite reliable measure 
of the student’s aptitude and attainment in basie sciences and language 
skills. 


Adjustments in Engineering Curricula to Meet War Needs was 
diseussed by Thorndike Saville, New York University. H. 8S. 
Rogers, Polytechnic Institute of Brooklyn, presented the following 
resolution. This resolution had been prepared by the engineering 
schools of the New York Metropolitan area. Upon motion the reso- 
lution was endorsed by the Division and the Executive Committee 
of the Society authorized to handle the matter. 


WHEREAS: The representative of the engineering colleges of the United 
States are assembled in general meeting this 26th day of Octobr, 1942, in 
Chicago, at the instance of their National organization, the Society for the 
Promotion of Engineering Education, and 

Wuereas: Said representatives believe that it is essential both to the 
effective conduct of the war by the armed services and to the maintenance 
of essential war industries, that the facilities and staffs of the engineering 
colleges of the United States be most fully and effectively utilized in the 
prosecution of the war: 

Be it resolved that: 

The military authorities of the United States be urged, in planning 
any special courses or programs of technical study to be offered by the 
engineering colleges under military auspices, to seek the advice and ¢o- 
operation of these colleges to the end that such programs may. be so 
planned as to best meet the needs of the country for technical training on 
the engineering college level; . 

And be it also resolved that, in order to further this essential co- 
operation in the national interest: 

The President of the Society for the Promotion of Engineering Edu- 
cation is hereby directed to appoint a committee of representatives of 
engineering colleges to work with the military authorities, as above pro- 
posed: In appointing this committee the attached guiding principles 
should be observed, in order that it may adequately reflect the varying 
conditions, problems, and opportunities throughout the country. 

And be it further resolved that a copy of this resolution be sent to 
Secretary of War, Henry A. Stimson. 


Principles to be followed in appointment of committee: 


a. Representation of the major geographic areas of the country. 

b. Representation of the various fields of engineering. 

c. Representation of the various types of engineering college, viz., 
privately endowed, publicly supported, and other types of ac- 
credited engineering colleges. 
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President Heald appointed the following committee: H. T. 
Heald, Chairman, Illinois Institute of Technology, Chicago, IIL., 
H. P. Hammond, Pennsylvania State College, C. E. MacQuigg, Ohio 
State University, D. B. Prentice, Rose Polytechnic Institute, H. 8. 
Rogers, Polytechnic Institute of Brooklyn, Thorndike Saville, New 
York University, R. W. Sorensen, California Institute of Tech- 
nology, F. L. Wilkinson, University of Louisville. This committee 
met in Washington on November 17, 1942. 












DIscussION 


A. A. Potter, Dean of Engineering, Purdue University: During 
the first world war the engineering colleges of the country limited 
their training for war effort to less than college grade instruction. 
The Vocational §.A.T.C. was only concerned with the training of 
mechanics, and the collegiate S.A.T.C. did little to add to the num- 
ber of engineers for the war effort. 

In the spring of 1940, when it became evident that this country 
will have to be a leading factor in supplying war equipment for 
the armies of the allied nations, those who have been consulted 
advised that the engineering colleges be utilized for training on the 
college level and for research of value to the war industries and to 
the armed forces. 

Since the summer of 1940 some of our engineering colleges have 
given instruction on the less-than-college-grade vocational level, 
either through the vocational programs of their states or at the 
special request of the armed forces. Several engineering colleges 
were selected by the Navy for specialized training on the less- 
than-college level because they had adequate facilities for housing 
and for feeding of large groups of sailors. In general, however, 
our engineering colleges, through the E.D.T., E.S.M.D.T., and 
E.S.M.W.T. programs have been giving, or are giving training 
largely on the college level. Through their programs they have 
benefitted the war effort up to date by adding about one half a 
million people with specialized knowledge in the fields of engineer- 
ing, science, and management. The colleges have not only con- 
tributed to the war effort through specialized training but have 
developed through E.S.M.W.T. contacts with the industries of 
their localities which should prove helpful to them in enhancing 
their educational and research contributions to industry and the 
public. It is hoped that the experience which our engineering | 
colleges have gained through the war training programs will be 
capitalized by them during the post-war period, not only in im- 
proving their regular programs of study leading to degrees, but 
also in establishing a large number of technical institutes all over 
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the country and with intensive practical programs closely linked 
to the needs of the industries in the communities 

Our engineering colleges have not been utilized as effectively 
for war research as they have for war training. This is partly 
due to the fact that the research needs of the armed forces seem to 
fall largely in the fields of the basic physical sciences. Many of 
these investigations required large groups of scientists to concen- 
trate at one point, and many of our institutions made important 
contributions by loaning their staff members to the N.D.R.C. 
Where individuals or institutions knew of problems and had talent 
to be used in their solution there seems to have been little difficulty 
in interesting either the Office of Scientific Research and Develop- 
ment (O.8.R.D.), the National Research Council, or the armed 
forces. Several engineering colleges are codperating with the 
Government in war research through the National Defense Re- 
search Committee (N.D.R.C.), the National Research Council, 
the N.A.C.A., the Air Corps at Wright Field, Army Ord- 
nance, and the Naval Research Laboratory. In all such cases 
specific proposals were presented by institutions which knew of 
the problems needing solution and had on their staffs specialists 
who are recognized authorities in their fields. Engineering 
colleges should make use of their contacts with the war industries, 
through the E.S.M.W.T., in exploring opportunities for coéperating 
with such organizations in war engineering research. The War 
Production Board has now under consideration the setting up of 
a new research agency, the Office of Technical Development. This 
Office of Technical Development will be concerned mainly with 
the development of strategic materials and processes. The di- 
rector of this new agency will be a person who has broad engineer- 
ing qualifications, and he will make use of existing academic and 
industrial research laboratories and the research facilities of other 
governmental agencies, and will work in close codéperation with 
engineering organizations. The director of the Office of Technical 
Development will be guided by the results of a survey of edu- 
cational and industrial research laboratories which is now being 
carried on by the National Research Council. In all cases, how- 
ever, the initiative will have to come from institutions and indus- 
tries who have research talent to contribute to the war effort. 


Lieutenant Colonel B. R. Van Leer: Services of Supply. I 
appreciate very much that introduction because, when I was ex- 
tended an invitation to say a few words here this morning, I was 
led to believe that this was going to be merely an informal Land 
Grant. Colleges pre-convention conference, and that only a few 
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- people would be here and we could talk things over in a very 
general way. 

However, I am highly pleased to see so much interest in the 
new administrative section of the S.P.E.E. and so many of my 
friends present this morning I hope you will not be misled by 
the uniform I am wearing. I am in no sense speaking for the 
Army or the War Department or the S.0.S. or General Somervell 
or my immediate superior, General Huebner. I am merely speak- 
ing as Blake Van Leer, with a background, as President Heald 
mentioned, of an engineering dean of North Carolina State College, 
and recently in position to observe a great many things affecting 
the schools, in Washington. 

As Dean Potter very ably pointed out to you, the engineering 
schools of the country are already making a tremendous contri- 
bution to the war effort. If there are schools among you whose 
facilities are not being used to capacity, I am afraid that it is as 
much your fault as it is the government’s, because there are many 
avenues where these facilities can be used. 

The field which Dean Potter emphasized, that of research, has 
no doubt been somewhat neglected as far as our engineering schools 
are concerned. Many schools do have excess existing facilities 
which can and should be used. But, from the standpoint of our 
drafting rooms, laboratories, and classrooms, most of the engi- 
neering schools have been working pretty much up to capacity. 
I expect that some of the faculties and many of our schools are 
working 20 to 25 per cent overload, as compared to their output a 
year and one-half ago. That comes about through the E.8.M.W.T., 
in which probably every school represented in this room is partici- 
pating. That is a large program. It has grown by leaps and 
bounds. It is, on the whole, doing a fine piece of work, and the 
Army appreciates that. The E.S.M.W.T. is primarily aimed at 
training men for industry. But when those men are drafted, or 
they get into the service in one way or another, that training is 
not wasted. 

Dean Potter also pointed out the opportunities in the voca- 
tional field for the use of some of our shops, some of our labora- 
tories. The Army uses all types of training in the civilian schools. 
We have something like ninety different schools that are being 
used now by the Services of Supply. A good many soldiers are 
receiving instruction in these civilian institutions. 

Naturally, you think of a civilian institution as a college or 
university but, to the Army, a civilian institution is any institu- 
tion of instruction where the instruction is given by civilians, and 
most of the civilian instruction for the Army is given in factory 
schools today. We are sending a great many people to factory 
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schools like the General Motors and Chrysler, Caterpillar Tractor, 
and so on, to be trained as mechanics in the particular type of 
equipment which these factories are manufacturing. 

The Army is also using a great many of.the proprietary schools, 
trade schools, vocational schools, and some of the public vocational 
schools. 

We have recently set up avenues—we have not actually used 
any of them yet but we have set up ways and means whereby 
N.Y.A. training centers may be used. You know, the N.Y.A. ac- 
quired a vast amount of fine equipment in the last two or three 
years. As the load on the N.Y.A. has been reduced some of that 
has not been used up to its capacity. 

The Army desires to know the existing excess facilities in the 
educational institutions. On July 29 of this year, a questionnaire 
was sent out to every one of the colleges in the country, by the 
Office of Education, asking them to answer the question that the 
Army needed to know at that time. That was sent to about 1700 
schools. About 1100 replied. Of that number, about 600 or 700 
had excess facilities of one kind or another, and those have all 
been compiled and indexed by states and by institutions and are 
on file in the office of the Director of Training 8.0.8. and in the 
office of the Director of Training for the Navy, and they are also 
in the office of the director of Individual Training of the Army 
Air Forces. 

So, the information which your institution sent in has been made 
available and is being constantly made available to any agency of 
the Army that is interested in training in a civilian institution. 

Most of you connected with engineering schools did not answer 
those questionnaires, because you did not have any existing excess 
facilities of any great consequence. 

Most of the engineering schools reported training capacity for 
50 to 100 trainees when the Army was seeking places in which to 
train 500 to 1000 trainees. Therefore, when you did not have the 
housing facilities, the mess-room facilities and the classroom facili- 
ties, even though you may have had an excess of instructor ca- 
pacity for 100 or 150, the Army did not need such small units. 
The Army uses civilian educational institutions in two ways. It 
rents their physical facilities; that is, the excess dormitories and 
mess-halls and classrooms, are frequently rented and an Army 
school established there. You may wonder why that is done. The 
main reason is the fact that there are not time and material to 
build any additional training facilities at the Army training 
centers. The Army would prefer, of course, to do all of this train- 
ing needed, under its own auspices and under its own control, 
but it cannot build any facilities for any educational institution. 
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Many training facilities in the country are becoming available 
to the Army because men are being called into the Armed services. 
Everybody is looking forward to Dean Bishop’s annual report 
on enrollment in Engineering Colleges. The general impression 
is that the engineering schools of our country are going to show a 
considerable increase in enrollment this fall over last year. 

You are administrative officers, and, in most instances, con- 
nected with an institution that is not entirely engineering. It has 
arts and sciences, law, medicine, agriculture, textiles, and what- 
not connected with your institution. The enrollments in those 
fields, and particularly in the arts and science fields, have shrunk 
considerably, sometimes terrifically, sometimes as much as 50 and 
75 per cent. Therefore, the increased enrollment in engineering 
has not been sufficient in some cases to offset the decrease in enroll- 
ment in these other curricula. That, in turn, handicaps the engi- 
neering schools and colleges, because they are a part of the Uni- 
versity family. The income of the institution is determined, to 
some extent, by the total enrollment. Therefore, you are all in the 
same boat, and you are concerned with what is to be done about 
the loss in total enrollment of your institutions. 

I am not a prophet but it certainly looks to me, from where I 
stand, that that is likely to continue. The total enrollment in our 
colleges is certainly likely to decrease in spite of the increase that 
is very likely to occur in engineering. I see nothing on the horizon 
that would lead me to believe that the increase in enrollment in 
engineering colleges will not continue during this war period. In 
fact, it is doubtful if the engineering colleges will have the staffs 
and the facilities to do the training that the country will demand 
of them. 

Therefore, if I were you, an administrative officer connected 
with an educational institution, I would try to convert temporarily, 
for the duration of the war, my arts and science faculties into fac- 
ulty members in the elementary subjects in engineering, such as 
elementary mathematics, elementary physics, English, and that 
sort of thing. I know the barriers and the difficulties that arise, 
that heads of departments have their professional jealousies, and 
they do not want to break down precedents. But, as an adminis- 
trative procedure, I suggest you adopt the same one the Army has. 
They do not commission all officers into the Regular Army. They 
commission them in the Army of the United States, which is just 
for the duration. 

So, when you put an Arts Science teacher in a science de- 
partment, put him there just for the duration; when the war is 
over, or six months thereafter, he has to go back to the department 
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from which he came. That, I think, would help you in solving 
that problem. But it is going to be a necessity, I believe. 

The Army rents the physical facilities from the educational 
institutions. That is done by a direct contractual arrangement. 
The Army has been reorganized in the last three or four months 
so that today a great deal of autonomy is given to what used to 
be called the Corps Areas, now called Service Commands. Today, 
when the staff in Washington decides and has made preliminary 
arrangements, maybe with the president, and has visited the in- 
stitution to lease some facilities, he may be amazed, unless he is 
forewarned, that the man who shows up to sign the contract and 
make all the detailed arrangements, does not come from Wash- 
ington but comes from Atlanta or Chicago or some one of the 
Service Commands. Thereafter all the housekeeping operations 
and all the military control of that civilian school comes from the 
Service Command. In other words, this is an effort to decentralize 
control and put control in the Service Commands. 

The Army also contracts for the entire training job; that is, 
for the instruction as well as the housing and messing facilities. 
All of you have had sufficient military experience to know that 
you cannot permit enlisted men or the Army in general to run 
around like a flock of sheep, all over the landscape. We have to 
keep enlisted personnel in places where we can control them, and 
we control sometimes minute things like the manner of making 
their beds, placing their shoes, not that there are not dozens of 
ways of doing these things, but we do that for training purposes, 
for discipline. So that the men will learn they must do what they 
are told and in the manner in which they are told to do it. 

Therefore, we have to have enlisted men living in contiguous 
areas. We cannot spread them all over the town, like normal col- 
lege students live. We have to insist on housing them in places 
where they can all be treated more or less alike. Therefore, 
dormitory facilities at the various educational institutions are at 
a premium. 

Also, the size of the unit is of tremendous importance to the 
Army. We do not like to send an administrative unit, two or 
three officers and four or five enlisted men to take care of the pay- 
roll and look after the medical treatment, inspections, and all of 
that, to four or five schools if we can get them all in one, because 
the more schools the more the overhead. We do not have officers to 
spare, to do that sort of thing. The tendency is to use large units. 

Although we do have contracts for small units, those units are 
usually for officers, sending officers to factories or certain places 
to get specialized training, but, as far as the enlisted men are con- 
cerned, we rarely make a contract with an institution for less than 
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300. In most instances we try to go as high as 500. Anything 
smaller than that just doubles and triples the overhead. 

In the future the Army is likely to be more and more interested 
in the use of civilian educational institutions, because it does not 
have the time to build its own training facilities. 

It looks pretty certain we will have the eighteen and nineteen- 
year-old boys in the Army before long. Where is the Army 
going to train them? Physically, where are we going to train 
them? If you look around the training centers that are already 
built, you will not find much room. 

So, it is highly probable that some of these boys are going to 
have to be trained some way or another in the Colleges. That has 
not yet been determined and is in no sense official, but I see no 
other way. Why not? The facilities are there and available, 
and there is no reason why they should not be used. There is 
every reason to believe that the physical facilities of the colleges 
and, as far as the engineering colleges are concerned, it looks to 
me like the instructional facilities of those are going to be taxed 
to the utmost. Those of you and your faculties who have been 
complaining about being overworked and doing more than you 
ever did before are just going to have to do more. 

C. J. Freund (University of Detroit): Are we to assume from 
what Colonel Van Leer said, that schools which do not have dormi- 
tory and mess-room facilities should not attempt to participate in 
the Army training program and should direct their facilities, 
rather, in other directions? 

Colonel Van Leer: Not necessarily. The University of Ken- 
tucky just recently entered into a contract for training about 870 
draftsmen, surveyors and geodetic computers. They had few 
dormitory facilities. They went about two blocks away and rented 
a big hotel and converted that into housing facilities for the stu- 
dents, which was quite satisfactory. 


Karl T. Compton (President, Massachusetts Institute of Tech- 
nology). I am very glad to have emerged from the rubber jungle 
and again be in the company of friends and colleagues. 

I am glad of an opportunity to explain something of the or- 
ganization and operations of the Office of Scientific Research and 
Development. It is a particularly opportune time, I think, to do 
that because of the development that Dean Potter just mentioned, 
namely, the steps taken toward the organization of an Office of 
Technical Development, because that new move will supply a need 
which has been felt for months and which is very urgent, an or- 
ganization that can help the WPB and deal with the types of 
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problems that come before the WPB, in the use of raw materials, 
the findings of substitutes, and the development of better meth- 
ods of production, and advice in regard to the choice between 
various methods of production of some of the things that are 
needed. None of that has been, as Dean Potter said, within the 
purview of this Office of Scientific Research and Development, 
which has been primarily scientific rather than engineering. 

In fact, the terms of reference by the President, in his execu- 
tive order setting up this office, limit its activities to devices and in- 
strumentalities of warfare, and perhaps the best way of describ- 
ing the objective is in terms of a still later office which has been 
ereated, in terms of new weapons. 

The first move in this direction was the setting up of the Na- 
tional Defense Research Committee, under the chairmanship of Dr. 
Bush, for instrumentalities and devices of warfare. 

After approximately a year, a second executive order came 
out establishing an Office of Scientific Research and Development, 
and that included, in that office, the original National Defense 
Research Committee, and a parallel committee to handle medical 
problems relating to the war. So that there is now a Medical Re- 
search Committee which is exactly parallel to this National De- 
fense Research Committee. 

It also set up a liaison office for the exchange of information 
on these problems, with our allies, with an office in London, one 
in Washington and one in Canada. 

The National Defense Research Committee has operated 
through a large number of committees. There are about seventy 
at the present time. All members of these committees serve with- 
out reimbursement ; that is, they are all loaned by their institutions 
or by their companies. It is these committees that make the rec- 
ommendations for appropriations or contracts for carrying on the 
various research projects. 

These projects arise in a variety of ways. A large majority 
of them come as a result of definite requests from the Army and 
Navy to undertake the development of such-and-such a device, or 
to make such-and-such a type of study. Then that is referred to 
the appropriate committee, or a new one established, if one does not 
already exist. 

That committee makes a study of the situation as to person- 
nel, places where the work can be carried out; sets up a codpera- 
tive arrangement with the Army and Navy, with liaison officers 
from those services to advise, to serve as contact men with the 
services, and then proceeds to negotiate a contract to carry out the 
work. 
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None of the work is carried on directly by the O.S.R.D. organi- 
zation. It is all carried on by contract. 

The next largest source of project material comes from sugges- 
tions that are made from a great variety of sources, from individ- 
ual scientists, engineers, or from institutions, and some come in 
from the National Inventors Council, things that they have sieved 
out from a very much larger mass of suggestions, and turn over 
to N.D.R.C. for operation. 

The operations are, perhaps, of three major types. One might 
be called a very glorified grants-in-aid program; that is, relatively 
small contracts that may run from a few hundred dollars to 
$25,000 or $50,000, perhaps, in extreme cases, for carrying out jobs 
of a type which generally do not require the recruiting of per- 
sonnel in a codperative way, from a large number of institutions, 
but jobs that can be located in one institution, primarily carried 
on by the staff of that institution. 

Then there is a second type of contract which is made with the 
industrial companies. There are something more than 1,000 con- 
tracts in operation at the present time. They roughly divide 
fifty-fifty between industrial research laboratories and educational 
institution research laboratories. Those contracts with the indus- 
trial firms, naturally, are rather largely on the development side 
rather than on the research side, although not exclusively. 

There are a great many development problems also located 
with research laboratories of educational institutions. But when 
it comes to building an apparatus in an engineering form, for use 
by the military services, the industrial laboratories, with their 
engineering branches, are obviously the major places to get that 
done. 

Then there is the third type of contract which is large in amount 
of money but relatively small in terms of the numbers of contracts, 
which has to do with the concentration of a very big, codperative 
effort at some one location. There are, perhaps, a dozen contracts of 
that latter type. 

With regard to the policies of operation of O.S.R.D. there have 
been a number of principles laid down. One of them is that all 
work should be carried on, if possible, on a non-profit, no-loss 
basis. That applies to the institution as well as to the individual 
who may be employed on the project. I will explain in a moment, 
by taking an illustration, as to how that function is carried on. 

Another principle is that, since this work is being supported 
by the government, any things that are of a patentable nature 
should be made available to the government, at least to the armed 
forces, without the payment of royalties. So there is a patent 
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policy which has been set up, worked out very carefully, to safe- 
guard that situation. 

The organization has been under four main operating divisions. 
One of them has to do with all chemical affairs, which is under 
Professor Roger Adams of the University of Illinois and, under 
him, some thirty subcommittees dealing with various, specific sub- 
jects such as devices for producing oxygen for various particular 
purposes or localities, incendiaries, the ordinary chemical warfare 
of a toxic variety, explosives, and so on. 

Then there is a division headed by Dr. Frank Jewett, former 
President of the Bell Laboratories, having to do with communi- 
eations and transportation, two rather dissimilar subjects. Here, 
again, there are many subdivisions into various activities. 

Under communications there are, of course, radio communi- 
eation and special signaling devices, acoustical devices, and one 
thing that was not originally planned to be there but which hap- 
pens to be the largest part of that division at the present time, 
submarine detection devices, the whole problem of sub-surface 
warfare. 

Then on the transportation side, the largest activity has cen- 
tered in the development of special types of armored vehicles, 
such as the amphibious tank we read about, and things of that sort. 

Along with these there are quite a number of subsidiary prob- 
lems, for example, the development of instruments by which a 
tank can navigate over large distances of desert, for example, 
when there are no fixed marks; sound control devices to make the 
tank reasonably comfortable and livable; and, of course, fire con- 
trol devices. 

Then there is the third division on armor and armament, which 
is headed by Dr. Richard Tolman of the California Institute of 
Technology, that deals with the kind of things that you might 
expect, special types of projectiles, methods of construction that will 
protect structures against bombing, fuses and so forth. 

Then there is a fourth division, of which I am chairman, which 
is more or less of a catch-all of the things that are left over. I 
cannot define it in a single word, but originally it had to do with 
detection devices, fire control devices and instruments. It still 
deals with all detection devices (except submarine, which are 
under Dr. Jewett), fire control devices and instruments, which 
again, for our purpose, are defined as anything that does not fall in 
any other category, and that is a very large variety. So much 
for the nature of the activity. 

With some hesitation, I am going to try to describe the opera- 
tions of some of these by taking the case of the largest one, and 
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the first one to be organized of the large codperative laborato- 
ries, because there are some points there that may have been mis- 
understood. I think, perhaps, this is the best way to give a clear 
picture of how these procedures operate. I refer to the radiation 
laboratory at the Massachusetts Institute of Technology, which is 
devoted to the use of short wave radio technics for a variety of 
purposes. 

To handle this field, a committee was set up which consisted 
of representatives, one each, from the General Electric, Westing- 
house, RCA, Bell Laboratories, Sperry Gyroscope, and then aca- 
demic members, one from the University of California, one from 
Stanford University, one from the University of Rochester, one 
from Columbia University, and one man from the WPB, the man 
who has to do with priorities in this field. This committee is 
headed by Dr. Alfred Loomis, who is an ex-banker and has operated 
a private laboratory at Tuxedo Park. At this private laboratory 
at Tuxedo Park, and at Stanford University and at M.I.T. were 
the only developments that we know of in this field, prior to the 
war, except those that were carried on in the five industrial com- 
panies which I have mentioned. 

When the Army and Navy requested the N.D.R.C. to establish 
a program in this field, the matter was put up to this committee. 
It immediately initiated a number of contracts with those five in- 
dustrial companies, and later with a large number of others, for 
the development of particular components which could be seen to 
be useful, and it decided to establish a central codperative labora- 
tory which would be the clearing house for this job. The original 
idea was that the laboratory would require about 11,000 square 
feet of floor space and be staffed by perhaps 100 people. An ar- 
rangement was made with the Army, which agreed to put up a 
temporary laboratory building at Bolling Field in Washington, 
because the requirements of this work required an active airport, 
with large hangar facilities, and it also required reasonably easy 
access to the sea, for experiments over the open water. 

A couple of days before this contract was to have been voted, 
word came from the Army that a change in plans for Bolling 
Field made it impossible to put up that laboratory, and Dr. Bush’s 
organization investigated with the Army what other location there 
might be, at which there would be a large airport with hangar 
facilities that were not going to be occupied by the Army. They 
found at the East Boston airport, that the large and very fine 
National Guard hangar which had housed an observation squadron 
was going to be vacated as that observation squadron was ordered 
to active duty. The authorities were consulted in the matter, and 
they agreed to make that hangar facility available. That was the 
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basic reason for setting up the laboratory at the Massachusetts In- 
stitute of Technology. 

The next problem had to do with the recruitment of a staff. 
It happens that the technics involved in this work come closer to 
the technics that the cyclotron physicists have used with the atom 
smasher than any other one research activity we could think of. 

Consequently, Dr. Lawrence of the University of California was 
asked to serve as the first recruiting officer. He visited a number 
of institutions, probably many of your own institutions, and got 
together initially a group of cyclotron physicists, together with a 
few men that were loaned by some of the industrial research 
laboratories in the field. 

That was the origin of this radiation laboratory. It has 
grown enormously. When the work started, there was one major 
objective in sight, which had been developed as important, by the 
British experience in the great so-called Battle of Britain, and it 
envisaged the possibilities of one other important application of 
this technic. 

The work has grown enormously in various, unexpected lines. 


The laboratory has grown, as I think everbody knows, to his | 


sorrow, through the process of recruitment. It now occupies about 
ten acres of floor space, including the airport, and several stations 
that are located outside of Boston, and has a staff of (the last 
count I saw) 610 physicists or engineers on the staff. 

The recruitment of that group, of course, has been a very dif- 
ficult problem and has meant leaves of absence for a large number 
of men. I do not know the exact number but it is between a 
minimum of 140 and a maximum of 200 that are on leaves of ab- 
sence from other educational institutions. The remaining, a little 
over 460, have either come from industrial research laboratories 
or, in large part, are young men who are within one, two or three 
years of a Bachelor, Master or Doctor’s degree. The terms of 
employment of that younger group have been essentially on the 
basis of the civil service rating, including the overtime provisions, 
which now apply to the civil service rating. 

The basis of employment of the men on leave of absence has 
been to take their academic salary, take them at the evaluation of 
their own institution, and add to that a supplementary allowance 
to take care of the extra expenses of temporary living accommoda- 
tions in that area. That allowance was initially worked out for 
each man in his individual case. He presented a budget, what his 
budget had been the previous year, what his budget was under 
the current conditions of living and schooling for his family, and 
one thing and another, and an adjustment was made in each indi- 
vidual case, so that he would neither profit nor lose, as a result of 
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having taken up this work, with a frank intention to do that on 
the generous side; that is, if there was an uncertainty, it would 
be on the generous rather than on the ungenerous side. Later 
this scheme was standardized into a series of salary formulas, 
applicable to various types of cases. 

As regards the contract with the institution, this contract was 
started out, as all of the contracts with educational institutions 
were started out, on a standard basis, providing the institution 
an overhead amounting to 50 per cent of the total wage item on 
the contract. That is, if the aggregate wages were, say, $500,- 
000, than $250,000 was the overhead that went to the institution. 
That was the standard type of contract which was established as 
a result of the study that the N.D.R.C. made in regard to the 
normal operations of educational institutions. We found, by 
studying the treasurer’s reports of some twenty-odd institutions, 
if you make up two sums, one of which is the amount of money 
that you spend for salaries for doing your job, namely, teaching 
and research, and the other sum is the total amount of money that 
is spent on overhead, as we defined it, that is, administrative ex- 
penses, grounds and buildings, library, and everything else that 
provides facilities that are needed by the staff, for direction of the 
staff, including a relatively large item of financial office to handle 
the necessary reports to the government—the sum total of those 
second items amounted, for the average of these twenty-odd in- 
stitutions, to 53 per cent of the first item. 

So, N.D.R.C. said, ‘‘If we take, roughly, 50 per cent as a round 
figure and say we allow to the institution that has one of these 
contracts, an amount of overhead to operate the contract, equal 
to 50 per cent of the total wage item on the contract, then ave will 
be giving those institutions about the amount they require for 
their normal, routine operations for the same type of service.” 

Thus all contracts were started out initially on that basis. As 
some of these large, codperative projects got under way, they took 
over a good deal of the administrative expense; that is, they hired 
their own guards, for example. They hired their own stenogra- 
phers. They had a business office which worked in codperation 
with the institutional business office. Consequently, the 50 per 
cent overhead was found to be too large in some cases. The ar- 
rangement that has been in operation since the first year has been 
that each year, when a contract of that type is renewed, a financial 
officer, or a committee of financial officers from the outside comes 
in and goes over the books of the institution and says what its 
overhead ought to be to conform to the ‘‘no profit, no loss’’ 
principle. 
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That is the general basis of recruitment and financing. . There 
is one other item that has to do with the buildings, because all of 
these larger, codperative contracts, I think, have required some 
additional buildings for laboratory facilities. 

At our institution we have put up several temporary buildings, 
one very large one, under contract to tear it down within ninety 
days after the end of the war; that contract being forced by the 
fire laws of the City of Cambridge. There are three permanent 
buildings, two of which M.I.T. has paid for out of its own funds 
completely. The third has been put up on this basis: M.I.T. has 
put into that third building the amount of money that would be 
required to make a permanent building, over the amount that 
would have been required to put up a temporary building, with 
the same facilities. 

I use this M.I.T. contract as an illustration because it is the 
oldest large one. It has been, in a sense, the bellwether, because 
it was the first one to get started, and the others have more or less 
followed the same general procedures in the matter of business 
arrangements. 

The next largest one of these codperative contracts has to do 
with the sub-surface warfare. Here there are two contracts, one 
with Columbia University for a laboratory operated in New Lon- 
don, in connection with the submarine base, and the other a con- 
tract with the University of California to administer a laboratory 
set-up at San Diego, in connection, also, with a naval establish- 
ment at that place. 

There are, as I say, perhaps ten or a dozen of these contracts that 
might be called of a codperative type, in the sense that the staff 
and the administration of the laboratory are codperative projects, 
carried on by men from a great number of institutions, and the 
particular institution that handles the money is operating only 
as a service organization. 

There are a large number of difficulties that have been in- 
volved in those contracts, the chief difficulty being this, that Con- 
gress never makes an appropriation until about the thirtieth of 
June, and contracts with the staff and contracts for equipment 
have to be made in advance of that time or else the work will 
suffer a temporary stoppage. I know that the institutions in the 
past that have had these contracts have gone quite a way out on 
the limb. At the end of our first year we went $1,000,000 out on 
the limb; that is, we made staff appointments and purchase con- 
tracts of $1,000,000, in advance of our contract on faith that Con- 
gress would come. through with the funds. It was a good deal 
worse the second year. But at the present time Dr. Bush has 
succeeded in getting the approval of the Comptroller General’s 
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office and the Bureau of the Budget, to operate these laboratories 
on a basis on which an advance can be made each month to cover 
the anticipated disbursements of that month, so there will not be 
a long delay in reimbursement. 

I know some of these institutions have been out of pocket, for 
the time being, to the order of $4,000,000 or $5,000,000 at a given 
time, because of the delay in getting reimbursement after the bills 
had been paid. That now seems to be very well in hand. 

The difficulty of having to make staff appointments and carry 
on work through the thirtieth of June is in process now of being 
cleared up by adopting a policy of not ending the N.D.R.C. con- 
tracts on the thirtieth of June but carrying them on to, perhaps, 
the first of September, so that there is a carry-over. In case Con- 
gress did not come through with the funds to continue the work, 
then there would be a provision for a couple of months, in order 
to permit the project to be liquidated without undue difficulty 
either by the staff engaged in the project or by the institution 
which sponsors it. 

DISCUSSION 


J. K. Finch (Columbia University): What is the specific need 
for this new O.T.D., in view of the fact that the activities of the 
O.8.R.D. cover development as well as the planning of the various 
devices? Is it correct to say the O.T.D. will deal with strategic 
materials, whereas the O.S.R.D. deals with specific new war equip- 
ment, Navy equipment? 

Dr. Compton: Yes, that is the understanding, at least that I 
have. The O.S.R.D. has limited itself only to instrumentalities of 
one sort or another for warfare and has not interested itself in a 
very important—well, it cannot, in terms of its directive—type 
of problem as, for example, methods of improving the recovery of 
tin from the tailings of the tin mines in Bolivia, and problems 
such as sponge iron, which is a very active problem at the present 
time, causing many people a great deal of worry, also aluminum. 
Those are things I happen to have heard about. Those are entirely 
out of the purview of O.S.R.D. but they are very important prob- 
lems from the standpoint of production. As I understand it, this 
new organization can handle problems of that type. 


Robert E. Doherty (President, Carnegie Institute of Tech- 
nology): There is very little that I can say that would be mean- 
ingful, especially to this group, about the manpower problem and 
its effect upon the students and staff of educational institutions. 
At best one can only recall the devastating confusion, indicate the 
obvious reason for it and the obvious solution, and perhaps utter 
a prayer. We are trying to do a six-year job in three years, and 
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naturally the task of redirecting and greatly increasing the mo- 
mentum of the whole nation is a task of stupendous size. Thus 
confusion was inevitable. 

I think, however, that there are few among us who do not feel 
that the confusion has gone far beyond what was inevitable. Most 
of you have had some responsibility in trying to hold staffs to- 
gether on campuses, prevent a general exodus to Washington or 
into the armed forces, help young faculty people to fix their own 
minds with respect to the prospects.of a call from Selective Service, 
and give advice to students who were confused and did not know 
what to do. Most of you, I believe, have had that experience, and 
therefore there is not much need to emphasize in this gathering the 
appalling confusion that pervades the whole manpower situation. 

The reason for this confusion is obvious. It is the same reason 
that has caused similar confusion in the general picture of war 
materials and war production—namely, confused authority. There 
one saw numerous different agencies, all more or less independent, 
with each executive taking his own path as he chose to take it. 
Under such circumstances confusion was inevitable. And the same 
division of authority that has caused this disorder in war produc- 
tion has caused it in the manpower situation. 

The obvious solution, of course, is centralization of authority. 
Germany found such a step necessary, I am informed, and all of 
us know something of what happened in England and of what 
has now happened in Canada. We are trailing along about a 
year or so behind the last member in that group, stumbling over 
the same obstacles and progressing painfully toward what, it seems 
now, must inevitably be the same outcome—namely, a central co- 
ordination of authority for dealing with the manpower problem. 

In Canada today, for example, an engineering teacher or an 
engineer in any position (or anybody else, for that matter) cannot 
change his job—the Army cannot take him, the Navy cannot take 
him, industry cannot take him, nobody can take him—without per- 
mission of one central authority, the National Selective Service. 
And a similar fence is built around students. Formerly Canada 
had just exactly what we have on our campuses today—all these 
different agencies after the students. Now, however, no agency 
can recruit students without permission of Selective Service. This, 
then, seems the obvious answer to our problem, and the question is 
how soon we shall arrive at it. 

There are, of course, forces at work to this end, and I think you 
know most of them. Indeed, I suspect that anybody in this room 
could be saying the things I am saying. I know no more about 
the general manpower situation than most of you who have been 
trying to keep aware of what is going on. A good many of us feel 
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that our principal hope lies in the Day Committee, which is spon- 
sored by the American Council on Education and is the principal 
committee outside of the government that is trying to exert some 
influence. As you know, the President of this Society is a mem- 
ber of that committee. Moreover you all know most of what the 
Society, as such, has done, though it has probably done more than 
you think. Also, as Dean Potter has indicated, the problems in- 
volved have been discussed in the E.S.M.W.T. Advisory Com- 
mittee and at regional advisers’ meetings, and this agency has per- 
haps had some influence, through the Office of Education, upon 
the War Manpower Commission. 

The E.C.P.D. also has taken some small part. You may be in- 
terested in a report which perhaps you have not heard about. 
After conferences with President Elliott, Chief, Professional and 
Technical Division, War Manpower Commission, it seemed to me 
advisable to arrange a meeting in order to let him hear the views 
of the engineering profession—at least as it is represented by 
individuals associated with the Engineers’ Council, and by some 
invited members from the war production industries. Such a 
meeting was called under the auspices of the E.C.P.D. Dr. Elliott 
and Dr. Carmichael, head of the National Roster, were present, as 
was the Assistant Director of the Canadian National Selective 
Service. After a short discussion, Dr. Elliott constituted the 
group as a special committee of his division of the War Manpower 
Commission, and from that point on it functioned as such. I shall 
read to you a resolution which was adopted at that meeting on 
September 20: 


In modern, mechanized warfare, the need for engineers and sci- 
entists in war industries and in the fighting forces is out of all 
proportion to the relatively small number available, or in prospect. 
This is particularly true of the United States which must not only 
supply its own forces but serve as an arsenal for the democratic 
forces of the world. 

It is, therefore, of vital importance to the country both to con- 
serve this talent and to distribute it where it will best serve the 
total war effort. Other countries have already found this necessary. 

The wastage of technical talent by its diversion to services where 
technical skill is not essential or by a failure to use the available 
training facilities to the full, can add but little to the manpower of 
the armed forces and yet may do irreparable damage; for, without 
adequate technical equipment and skill, armies and navies are 
helpless. 
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To meet this situation, the following steps should be taken: 


1. Conserve and put to most effective use our existing staffs of 
engineers in the industries producing war materials and in the engi- 
neering schools training young men for specialized services in the 
armed forces and in the war industries. 

2. Adapt all engineering, science and management courses in 
colleges to the needs of war, both in the armed services and in war 
industries. 

3. Allocate engineers to each war activity on the basis of its rela- 
tive needs, considering both the armed forces and the war indus- 
tries. This allocation process should provide for those who plan to 
study engineering, for engineering students, engineering teachers 
and engineers of mature experience. 

4. Encourage women to undertake engineering and science 
courses in college. 

5. Continue the support of the E. 8. M. W. T. program. 

6. Recognize the fact that the assignment of all able-bodied 
engineers to the armed forces where some may be called on to 
render service in fields where their training will not be used is a 
misdirection of skill and is not in the best interest of the total war 


effort. 


This, I repeat, was a resolution adopted by the special com- 
mittee appointed by President Elliott. The E.C.P.D.’s part was 
merely arranging the meeting. 

Gentlemen, that is about the picture as it appears to me. I can 
only offer the hope that we shall find our way out of the present 
muddle, that something will develop from the forces now working 
and from conversations, meetings, and discussions going on at this 
time. But certainly the responsibility here lies, as it does in the 
field of war materials and war production, with the central ad- 
ministration of the government. Until that central administration 
takes hold of the problem and deals with it, we are going to con- 
tinue to stumble along. What has happened in the last week or 
two in connection with the War Production Board gives some hope 
that we may expect action in regard to manpower also. 


Colonel Edward A. Fitzpatrick (Specialist, Office of the Di- 
rector, Selective Service System): The notice of this meeting said 
that there would be a conference of administrators of engineering 
colleges in Chicago, and I should go and try to answer questions. 
I confess, when I was ordered to a conference, my heart sank be- 
eause the greatest waste of time in Washington are conferences. 
The sad thing is that all of the professionals that go to conferences 
have a glib series of terms, and I notice this conference can use 
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them to, ‘‘conserve all our efforts; adapt our courses to the war; en- 
courage something ; continue something, and recognize something.”’ 
You notice in the newspapers that high officers meet every once in 
a while for a conference, and the result is a report. If there were 
any professors of semantics here, they would say that we need this 
new science of semantics. Instead of verbalisms and terminology, 
we need meanings. 

I take it, as the President of the Association said, you have read 
all the regulations that the local board has received, and that you 
are fairly well acquainted with them, and that is not what you 
have me here for. You see, I am Irish, and I do not get going 
until I am asked questions. So, if you will ask me questions I 
probably can meet your situation, because I think most speeches 
are futile, though you just heard a good one on research. 

But what I often wonder, as I hear the discussion—not only 
President Doherty but everybody says there is confusion in Wash- 
ington; the cause is obvious for the confusion is due to a conflict 
or multiplicity of authority, and that the obvious solution is 
centralization. If it is so easy and so obvious, I wonder why it 
isn’t done. 

You have a great deal of engineering ability located in Wash- 
ington. I notice you are getting so popular, that we discovered 
an appeal for deferment of a new type of engineering. This per- 
son put in his application as engineer and way down he said, 
‘‘judicial engineering.’’ The local board, being as naive as it 
dare be, asked him what was judicial engineering, and he said he 
was a lawyer, and knowing that you can get lawyers for a dime 
a dozen anywhere, and they have no status for deferment, of course, 
he went into 1-A and into the Army. 

So, when you say ‘‘engineering’’ you want to be sure it is the 
genuine thing and not these pseudo ones. Even the terms personal 
engineering and human engineering hide a whole lot of things that 
are not in fact engineering. 

Of course, I want to pay tribute, as an educator, to the emphasis 
which engineering is now giving on the subjects of mathematics 
and physics which our easy, soft, pedagogy has tended to under- 
estimate in the past and not even require for a degree. You have 
certainly done a good job on that. 

Now, the point is this, there is not so much confusion of author- 
ity when you come down to it. In the last analysis the author- 
ity in this United States is very highly centralized. Under the 
War Powers Act I and II, there is a very definite person who has 
all the authority that exists in this country to do the job that 
needs to be done, and that is the President of the United States. 
The Manpower Commission is his agent; Selective Service is his 
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agent; the War Production Board is his agent, the War Labor 
Board is his agent, all are his agents. So far as Selective Service, 
War Production and Manpower are concerned, they are directly 
his administrative agents because the power is vested in him. So, 
the call for centralization seems to call for an alter ego to the 
President of the United States. 

Now, there isn’t any doubt about the authority of Selective 
Service, I take it, in any of your minds, because they can take your 
students and they can take your professors and, if we omit the 
bald-headed row in front, they could take you. Now, the so-called 
conflict of authority between the Manpower Commission and the 
Selective Service, if I may speak frankly, is the fact that the defi- 
nite power is vested in the Selective Service System for the classi- 
fication and deferment of men. The power of the Manpower Com- 
mission is to make directives regarding policies which are to be 
administered according to the laws of the United States by the 
Selective Service System. 

When you say there is confusion of authority, if you mean that 
the administrative agencies are not doing what you want, leaving 
your students in your schools, or leaving your professors in your 
schools, then you have to go to the Congress of the United States 
and get the law changed. 

I do not want to talk to you about our regulations but about 
the manpower problem, take the situation that now confronts 
both you and us in Selective Service. An entirely new problem 
will face the country when, in the next week or two, the President 
of the United States signs the eighteen and nineteen-year-old bill. 
No centralization of authority back here could change that situ- 
ation. It always seemed to me, if I may say so in this company, 
that the engineering mind has a tendency to regard centralization 
of authority as a generic solution of problems, whereas centraliza- 
tion of authority often means putting your eggs in one basket and, 
if one egg is rotten, your whole basket is spoiled. 

I think the centralization of authority is not the solution. The 
coordination of whatever authorities exist may be the problem. A 
frank recognition of these various administrative set-ups that now 
exist will be the way out. But take what happened in the last 
week. 

General Marshall went before the Military Affairs Committee 
and said that the Army is too old, that in March of this year the 
average was twenty-three, I think he said; the average two months 
later, of a division then being organized, was twenty-five. 

I heard the Assistant Secretary of War, Patterson, in a small 
conference, say that the Army is too old. Now the problem comes, 
just suppose for a minute that they meant what they said, and that 
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they are going to seriously meet the situation which the President, 
in a rather offhand way, said in a conference, that men above 
thirty-five would be sent home, or might be sent home. Suppose 
that should. happen. What do you think would happen to the 
students not only in the liberal arts colleges but in the engineering 
colleges. If in December, 1943, we have, as a minimum, an Army 
of 7,500,000 and if, as Secretary Knox said yesterday, we have a 
Navy of 1,200,000, and need 1,500,000 at the end of 1943. If the 
Navy is successful, as it has been, it will continue its recruiting 
program, or it may also call on Selective Service. You need nine 
million and more men, what do you think is going to happen to the 
eighteen and nineteen-year-olds? I don’t-need to make any state- 
ment about it. 

You see the thing is, there is no ready-made solution of the 
situation. The incidence of Selective Service and all manpower 
for industry comes as a result of the strategic plans of the Army 
and the Navy. Suppose in the next weeks the Solomon Islands 
should be recaptured by Japan, and our fleet should be caught 
asleep the way the Quincy and the Astoria were. What do you 
think would happen to the demand for manpower in the Army, 
understanding that our general military policy is that we must 
organize a force large enough, located at points where they are 
needed to overwhelm the enemy and gain decisive victory? 

If we do not do that, you might just as well go out of business, 
or you might be having some of these Hitlerian or Tojoian military 
fellows running your schools for you or, at least, using them for 
dormitories. You wouldn’t have to go down the street to hire a 
hotel. That is the way you must conceive of the problem. At no 
time is it fixed. At no time is it certain how many men the Army 
will need, or what is needed in war production. We always, in the 
whole program including lend-lease, must take into account what 
the other countries are producing and what they need. 

OWI said the other day that England, with its manpower, is 
producing actually more than the United States in the way of 
military supplies. Then the food problem comes in. As these long 
lines of communication and of transportation are organized, you 
get a new impact on your manpower for whatever is necessary. 
If you looked in Friday’s Life you saw the shift that has been 
taken, for example, in woman power up to now, and the 5,000,000 
or more that must be shifted during the next year from those who 
are not in the labor force to those who are in the effective labor 
foree. You saw the moving of youngsters from high schools up 
into part-time employment. You saw the movement down from 
age groups above sixty-five, into the productive force, at least for 
the civilian side of it, and you see all these forces moving around. 
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It isn’t a state of stable equilibrium; it is a state of unstable 
equilibrium where every day it changes with the composition of 
forces. 

That is the picture you should have. Don’t be deluded that 
any fixed solution is possible, and don’t be deluded that some 
super-genius is available who could actually run this show to the 
satisfaction of everybody in this room. There isn’t such a person 
in the world; there may be in heaven but not in the world. You 
see, that is the problem. 

Now, you take the whole manpower of the United States. We 
have about 100,000,000 people fourteen years of age. We have 
about 90,000,000 eighteen years or over. We have actually reg- 
istered 40,000,000 registrants up to sixty-five. We have 26,000,000 
registrants in the ages liable to military service, actually regis- 
tered. That includes the eighteen and nineteen. 

If we take out of that group 10,000,000 people by 1943, or 
9,500,000 (this includes the Navy’s figure), here are 10,000,000 
that we need; here are the 26,000,000 gross. We are losing people 
all the time, ail the time only this manpower pool of 26,000,000 
by normal mortality and morbidity. Theoretically, 1,250,000 be- 
come eighteen years of age every year. That is the figure of your 
replacement of casualties, and all the other things that come along. 

Take another thing in the legislation which the Senate put in. 
Suppose you require a year of training before you can send any 
of these young boys into combat. I did not see any final wording, 
but as I saw the wording, it is conceivable that a year in an engi- 
neering college might be accepted as a year of equivalence. But 
I think under the sentimental thing that is back of that proposal, 
they would not accept it unless it were directly under military or 
naval authority. 

There you have some of the labor hoarding that has gone on in 
the past by the Army and Navy. They have gone on the campus 
and registered people they did not need at the time but were going 
to need in a year or two, and they wanted to get them tied up be- 
fore anybody else came in and stole them. So, if you use labor 
piracy and labor hoarding, you have the Army and Navy engaged 
in the same occupations as the industries. 

We stand off here and watch this game. They tell us, without 
giving definite figures, that in the next three months Selective Ser- 
vice is going to produce at least 1,000,000 men additional for the 
armed forces. That is the rate at which we are moving at the pres- 
ent moment. You see, the problem fluctuates with that demand. 

If the Army says, ‘‘We only need 100,000 next month’’ then 
the deferments could be easier and lighter, and the students could 
be left in their schools. The Senate indicated that you may be 
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left in your school until the end of the semester in which you are 
called up, to next year. Apparently they did not think the process 
of making liable these eighteen and nineteen year olds could be 
carried out quickly. You want to remember that they are al- 
ready registered. Since the last registration, there ate I don’t 
know how many additional hundreds of thousands, but practically 
all of the 2,000,000 are classified or can be shortly, and they could 
be sent into military service on the minimum time required to 
send out the notice to report at the induction center and, two 
weeks subsequent to that, for training. In fact, the pressure of the 
Army is so great that they are considering the reduction of that 
fourteen-day furlough after acceptance for a physical examina- 
tion. (This was reduced to seven days.) 

Now, one other point about that eighteen-year-old group, and 
that is this, that, if they are in the enlisted reserve corps, there is 
before the Army the principle that Secretary Stimson announced 
the other day, that they be called when they become twenty. It 
was informally agreed but not definitely signed on the dotted line, 
that any person in an enlisted reserve corps would be called into 
duty when he becomes of Selective Service age. In the conference 
was the Army, the Navy, Selective Service, War Production Board 
and the Civil Service Commission. That was the policy that this 
group, with President Elliott presiding, decided on but did not put 
in the report, pending the using of the channels which are essen- 
tial, apparently, to get such a thing done. 

You undoubtedly saw the report which was published in the 
American Council on Edueation, ‘‘ Higher Education in Defense,’’ 
on the utilization of colleges in defense. It was in that report, and 
it was at that time that the decision was made. 

One thing I am trying to convince you is that there is no ready- 
made solution that is possible, that, with our fortunes in the war 
and with our changes in military strategy, the demand for man- 
power changes. No solution to that problem yesterday is good 
today, no promise which any of the services made to a man today, 
as to the time he would be permitted to remain in school, will 
necessarily be good tomorrow. ‘The stragegy of the war as it de- 
velops determines the manpower policy, and it fluctuates with the 
change of fortune. 

To put it another way, if we could know by some kind of pre- 
science that the war would end in a year, you know what we would 
do regarding the colleges. But those who plan wars must assume 
an indefinite extension of the war; that is, if we plan for a two- 
year or three-year war, and the war was not over in those two or 
three years, to use the language I hear around Washington so 
often, the Army and Navy would be caught with their pants down 
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That is why not only is the present situation uncertain as to the 
demands, but how long it is going to last is uncertain, and what 
reserve of manpower you have to watch for, and how rapidly can 
we put women in to replace the civilian workers or the war pro- 
duction workers. 

So there you have the picture of what I probably would regard 
as a thing in a continual state of flux, almost Herachtean flux, for 
you philosophers. There is nothing in it that we can definitely 
solidify for the moment, and then next day and the next day a 
change. 


DiscussION 


A. A. Potter (Purdue University): At the meeting which 
President Doherty mentioned, one of those in attendance presented 
a chart which is a study of the various age groups up to forty- 
four. In this particular chart it is indicated that, if we need an 
Army of 10,000,000 here is the Army of 10,000,000 right here, of 
the various age groups between eighteen and forty-four. If all of 
those who are now in engineering sehools were deferred, the dif- 
ference would be insignificant. If we have an Army of 5,000,000 
—of course, we are going to have an Army larger than 5,000,000— 
the difference is still more insignificant. I thought I would like to 
leave that chart with the Colonel. It is accurate; I checked it. 
The data are accurate. 

Colonel Fitzpatrick: What about the other people, not engi- 
neers, who want to be deferred ? 

Dean Potter: I was just going to make a statement. It seems 
to me, if I can contribute anything to the discussion, it would be 
well for the Selective Service, in view of the very great need for 
people with special engineering preparation, to revise the directives, 
so that consideration is given to those who have been in attendance 
for one term or one semester, rather than the case now where the 
student is expected to have been in attendance for about half of 
his program. Those of us who are connected with engineering 
colleges, Colonel, know very definitely by the end of one term of 
residence, in fact, I would say we would even tell you fairly ac- 
curately before that, which students have a good chance to 
graduate. 

Colonel Fitzpatrick: I would say about that, of course, the 
engineering students are regarded by Selective Service as prob- 
ably our most favored group, outside of the medical group. The 
difficulty, as I see it, is, for example, if you are in a two-year pre- 
medical school, and a medical school will accept you, you will be 
deferred. As I understand it, most of the engineering schools are 
on a four-year basis beyond high school. Is that correct? 
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Dean Potter: Under present conditions, it is really two and 
two-thirds years. 

Colonel Fitzpatrick: In view of this medical school regulation, 
I think, personally, that the whole problem of the two years of pre- 
medical in connection with the engineering college needs to be 
reconsidered, and, in the further light of the accelerated program, 
it ought to be possible to get a regulation for engineering that 
would say, for example, at the most, when a student has completed 
one-third of his program, he could be deferred ; that is, say, within 
the first year, he could be deferred, if his academic record during 
that first year was satisfactory, and the engineering school would 
certify that it is worth while to expend the services of the in- 
stitution on this boy for his ultimate service in the armed forces. 

Remember, all the agencies, the Manpower Commission, Selec- 
tive Service, Army, Navy, and the War Production Board have 
made the statement that these students are destined for the armed 
forces. Of course, in medical schools, on our personal account, 
we believe that any of these students who are now getting de- 
ferred, who are in premedical, are not likely ever to get into the 
armed services ; at least, the hope exists in all our hearts. 

But for the engineering student, in view of the lack of a pre- 
engineering course, ordinarily—as a matter of fact, I think we have 
been convinced of the general effectiveness of the engineering 
training of these people because of the necessary preparation that 
they had in the fields of mathematics and physics before they ever 
get in—it is not inconceivable that a proposal from this group 
would get rather favorable consideration. 

Dean Potter: Mr. Chairman, with that in view, I will move 
that Selective Service consider a proposal in the case of engineering 
students after one term or one semester of residence. I am cer- 
tain that, in the case of the engineering student, at the end of one 
term we can tell with greater certainty as to the practicability for 
that student to complete his education within a reasonable period, 
than in the case of the medical student under two years of pre- 
medical. 

The motion was regularly seconded. 

Colonel Fitzpatrick: Don’t give us a resolution if that is what 
you think. Give us the grounds on which it is done. One of the 
problems we haven’t adequate information on is how many living 
engineers are there. How many are there actually in the pro- 
fession? How many of them are incapable of being returned to 
engineering service? If you gave us a background of information, 
you would get a better consideration of the problem, than a reso- 
lution, because anybody can get up and vote ‘‘yes’’ on a resolu- 
tion, because it is in your interest. This happens to be in our 
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interest, too. Consequently, if you supplemented the resolution 
with a statement of facts, it would be very much better. 

Dean Wickenden: If it: is in order, I would like to move the 
reference of this motion to a proper drafting committee. I think 
it is quite out of the question to sit here in conference and im- 
provise, from the floor, a resolution that would have the weight 
that Colonel Fitzpatrick would desire. 

If the sense of this meeting could be indicated, and the power 
of drafting could be delegated to a small committee, the findings of 
that committee to be submitted to the Executive Committee of the 
Society for approval of the final draft, I should think we might 
accomplish more. 

Colonel Fitzpatrick: May I suggest, too, that you define an 
engineering school ? 

Dean Disque: As far as we are concerned, and particularly 
as far as students are concerned, the confusion is written into the 
law itself, namely, the power which it confers upon the local draft 
boards, and the difficulty and the red tape involved in getting the 
local draft boards to defer anybody. 

It seems to me the crux of the situation is in the law itself, the 
dispersion of authority. The confusion arises directly from the 
law itself. Therefore, the key to the situation, is right in the 
Congress of the United States. When they go into the eighteen 
and nineteen-year-old program, and if they continue the authority 
that is now vested in the local draft boards, I think as far as man- 
power is concerned, the confusion is going to be continued, regard- 
less of any resolutions that we might pass here. It is in the Con- 
gress itself. 

Colonel Fitzpatrick: If General Hershey were here, I know 
exactly what he would say. He comes from Angola, Indiana, and 
he says that bad judgment in Angola, Indiana, affects Angola, 
Indiana, but bad judgment in Washington affects 6,643 local 
boards, and it is better to have a couple of mistakes in Angola 
than to have one mistake in Washington. 

That is, again, the delusion of the centralizing conception. 
Moreover, this is a democratic nation. The fact that we express 
such faith in our local agencies, in the first place, is a good thing. 
Secondly, it has worked amazingly well. You remember these 
people have done this job for nothing, in the way of pay. They 
have classified and reclassified as the needs of the armed force 
needed it. 

We just finished the report on the Selective Service in peace- 
time. There it was an easy-going process. Almost anybody got 
out. If you were called for service and got married before the 
declaration of the limited emergency, you were deferred. It 
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looked to me at the time, as a civilian (I did not come into this 
until after Pearl Harbor) that that was an idiotic procedure. 
But, at any rate, there the pressure was off. As the pressure came 
on, it was different. It was trying to meet the demands which 
the armed forces were making on us, and remember that. We do 
not decide for one minute how many men are to be put into the 
armed forces. In fact, we have no authority on that subject. On 
the men we classify in 1-A and are sent to induction centers, there 
is a provision in the statute that they must be acceptable to the 
armed forces to which they are sent. 

Remember, these local board members have the most intimate 
knowledge regarding the affairs of the men in their neighborhood. 
They have their financial status, their marital status, their criminal 
records and everything else. They are deciding a question of life 
and death, maybe, for these individuals. I think it has been uni- 
versally the opinion that they have done an amazingly fine job in 
the light of the difficulties of the problem and the pressures that 
come from the armed forces and the industrial organizations for 
men. 

President Wickenden: May I prompt Colonel Fitzpatrick to 
go a little further and indicate to us the scope which may exist 
in the draft of new legislation just adopted by the two branches 
of the Congress, for possible occupational deferment of engineer- 
ing students. Some of the newspaper publicity has seemed to in- 
dicate that the possibility of occupational deferment for engi- 
neering students was being deleted, and that the student would 
either be in the armed forces upon reaching draft age, or, by 
enlistment in one of the student reserves, at the disposition of the 
armed forces, or physically disqualified. I myself should like 
greatly to be clarified on that point. 

Colonel Fitzpatrick: In the first place, I may say that outside 
of the Selective Service System itself there is enormous pressure 
on us from business, too, in order to save their older men. I got 
personally from some leading industrialists of this country a sug- 
gestion that no person below twenty-seven should be deferred. But 
suppose they had said instead, no person below the age of twenty- 
two should be deferred. You see what would happen. That does 
not come from us, and that did not come from the armed forces. 
But here is what I think is going to happen in this situation, which 
may even be a better situation for you than the present one; that 
is, that nobody will be deferred but they will be put in the enlisted 
reserve corps. Then they will be actually inducted into the Army 
and paid the Army basic pay, perhaps not the subsistence, and so 
on, but at least the Army basic pay, and returned to approved 
institutions for training. 
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That is also under consideration, and that, in the light of all 
the facts of the present situation is probably as feasible a way out 
of the difficulty, which the eighteen-to nineteen-year-old legisla- 
tion provides, as possible. 

President Heald: We had a suggestion here that the Society 
make some representations to Selective Service on the problem of 
the engineer, and that seems to me a particularly appropriate one. 
No matter which way the solution to this problem goes, there is in 
this group, Colonel, a great deal of information and a great deal 
of knowledge of the problem, and I think it would be entirely 
appropriate for the Society to make such suggestions, if you are 
interested in having them. 

Colonel Fitzpatrick: I will be glad to sit in with you. 

Dean Lassalle: I take it that carries with it the suggestion 
that a committee be appointed. 

President Heald: I assume that Dean Potter’s original motion 
incorporates that idea of the appointment of a committee to work 
up the material and sit in with the Selective Service group. That 
motion has been seconded. Are you ready for the question? 

R. P. Baker (Rensselaer Polytechnic): May I ask for the 
terms of the resolution again, in order that we may know what 
we are voting on? 

Dean Potter, Motion: That a special committee of the So- 
ciety for the Promotion of Engineering Education be appointed to 
prepare material which may prove helpful to the Selective Service 
System in determining: 


1. Period in the engineering school to be considered for de- 
ferment. It is hoped that the committee will feel that residence 
at an engineering school of one term of one semester is sufficient 
to judge as to whether an engineering student is good material for 
additional training in engineering. 

2. That other matters be considered by this committee are the 
practicality of returning students interested to their colleges in 
uniform, and other data of value to the Selective Service System. 

President Heald: Does that answer your question? 

Dean Baker: Yes, sir. I would like to ask another question. 
Does the resolution imply that students in colleges of engineering 
are to be reserved or allocated to the armed forces? 

As I understand from Dr. Day, the War Manpower Commis- 
sion, the Army and Navy have adopted a policy by which all stu- 
dents in colleges will be definitely allocated to the armed services. 

Dean Potter: In answer to that question, I cannot see, so far 
as we are concerned, how that can mean only the armed services, 
because if the United States is to supply equipment to our allies 
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in this conflict, we must have engineers to design and supervise 
the construction of such equipment. 

Dean Lassalle: I would like to suggest that this committee 
be given broad powers. By the time they meet and consider this, 
we may know a little more about what this bill in Congress is and 
what we are going to get. If we cannot talk in terms of defer- 
ment, and we can talk in terms of getting them into the reserve 
corps, then that is what the committee ought to supply information 
about. I would not want to limit or tie the committee’s hands by 
just asking for deferment. 

President Heald: I think it is evident the whole problem is 
wrapped together. In the development of this situation, it is one 
thing to make a plan which might be put in operation for high 
school graduates, and it is another thing to make a plan which 
might be put into operation for the transition period. Both of 
those enter into the consideration and have to be taken up at this 
time. 

We had a motion for the appointment of a committee. All in 
favor indicate by saying ‘‘aye’’; opposed ‘‘no.’’ The motion is 
carried. 

Are there any other questions you want to ask Colonel Fitz- 
patrick? 

Dean Freund: There might be a procedure or device set up 
whereby the committee might get from the whole group, appro- 
bation. 

President Heald: That is a problem of mechanics for the com- 
mittee to develop. It is entirely possible that might be done in 
some way. 

Dean Freund: Isn’t it practically essential? I wonder whether 
the Colonel would be interested in a report from the committee if 
he did not know the whole group was behind it. 

President Heald: I think that is a useful point. -I think any 
report the committee develops can be worked out so that it will 
have the general support of the group. 


Thorndike Saville (Dean of Engineering, New York Univer- 
sity): Suggestions have been current that within a few months 
those engineering college students of draft age who are permitted 
to remain in college will be required to follow a condensed and 
rather inflexible curriculum. It has been hoped that the govern- 
ment authorities which may devise or invoke such curricula may 
consult with authorized representatives of the engineering colleges. 

With this object in view, I asked the chairman of our curricu- 
lum committee to outline a curriculum which would be broken up 
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into four consecutive 16-week periods, so that a student permitted 
to complete the entire 64 weeks would be sufficiently well-grounded 
in a sub-professional engineering program to meet the most press- 
ing needs of the military services and war industry. Even at the 
end of 32 weeks, a student would be prepared to enter many of the 
special service schools for technical personnel of the Army. 

Moreover, this curriculum was planned so that it would serve 
as a basis for continued professional training for those students 
permitted or required by government policy to prepare themselves 
as specialists in such subjects as ultra-high frequency techniques, 
aeronautical design and operation, chemical plants, production 
supervision, and many other professional objectives needed alike 
by the military services and war industry. 

The original New York University suggested curriculum was 
submitted to the National Advisory Committee on Engineering, 
Science and Management War Training of the U. S. Office of Edu- 
cation. It was referred to three sub-committees dealing with Engi- 
neering, Science, and Management, respectively. Suggested con- 
densed curricula were submitted in the fields of Engineering, 
Physics, and Chemistry, and were subsequently approved by the 
National Advisory Committee. These curricula are attached 
hereto. 

In adition, the original proposal from New York University 
has been revised and is also attached. This curriculum is pre- 
sented because it is referred to in the curricula suggested for 
Physics and Chemistry, and also because it has been based upon 
certain schedules and intensive methods already adopted or recom- 
mended by one or more of the armed services. 

It has been alleged that the N.Y.U. proposal is too strenuous. 
It is admittedly more intensive than that approved by the National 
Advisory Committee. However, it is felt that condensed intensive 
curricula, if imposed, will be either under some degree of military 
control or at least subjected to a pretty definite timetable. It 
will be noted that the proposed N.Y.U. curriculum provides for 
much supervised problem work, and for courses which definitely 
fit military training programs. It is believed that in many in- 
stances courses must be altered in content and method from those 
now given, emphasis being put upon topics in Mathematics and 
Physics immediately applicable to practical service problems. 

While the degree credits are indicated in the N.Y.U. suggestion, 
this has been done for comparative purposes for those who find it 
difficult to evaluate college work except in terms of standard 
eredits. Actually the program was developed in terms of subject 
matter, total time, and current objectives. It is felt that a student 


(Continued on page 351) 





RESULTS OF TRAINING UNDER THE ENGINEERING, 


From the reports of the one hundred and ninety-six institutions 
approved to offer courses in one or more fields under the Engineer- 
ing, Science, and Management Defense Training program during 
1941-42 some typically representative data and statements illus- 
trative of the progress and achievements of that program are se- 
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lected for this report. 
A brief analysis of the training program based upon these re- 
ports would indicate that courses given in the New England and 
Eastern Seaboard areas down to Pennsylvania show a very high 
percentage of inservice training for war workers with substantial 
upgrading results in fields of training. The only notable excep- 
tions are in the fields of physics and chemistry, which are largely 
pre-employment. Most of the courses given are highly technical 
and directly related to industry. Early lethargy by industry in 
evaluating training needs has given way to real cooperation. 
From Pennsylvania south on the seaboard a much higher rate 
of pre-employment training existed, although inservice training 
still predominates. Excellent placement records are indicated in 
war industries for pre-employment training. | 
In the deep south pre-employment courses increase in number 
and a smaller percentage of trainees enter war work, although as 
war industries develop trainees are in demand. 
In the Midwest those states having industrial areas generally 
indicate inservice training of war workers varying from 75% to 
90%, but those states with new war industries or none at all run 


this area until reaching the Rockies, the higher the percentage of 
pre-employment training becomes, although it rarely exceeds 50%. 
Placements into war industries for pre-employment trainees in 


7 
¢ 
largely to pre-employment courses. The farther west one goes in 7 
9 
u 





these areas are usually somewhat better than 50%. Greater diffi- N 
culties are encountered in obtaining statistical information on pre- 

employment trainees than inservice trainees and it is felt that the tt 
picture is more favorable than the incomplete data would indicate. of 
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Inservice training in the southwest increases considerably due 
to new war industries located there and the petroleum industry. 
Placements of all types of trainees are high. On the West Coast 
the percentage of inservice trainees again rises and considerable 
evidence is given to indicate increasing use of women. 

Most institutions have indicated that closer relations with in- 
dustry are now in effect, and that with the impending shortages of 
skilled technicians, industry is notably interested in ESMWT. 


REsuuts OF TRAINING 


REGION NO. 1—MAINE, NEW HAMPSHIRE, VERMONT, 
MASSACHUSETTS 


EK = Engineering ; C = Chemistry; P — Physics; 
M = Management 


UNIVERSITY OF MAINE E. C. P. M. 
Under ESMDT much work was done to survey the needs of in- 
dustry and some courses were organized and offered in particular 
industries with concerns looking on rather than giving much assist- 
ance. Now many of these same concerns are writing to this office 
asking if we would assist them by organizing and teaching a par- 
ticular subject or subjects. Groups of workers seeking or antici- 
pating advancement have asked for courses during this year. 


DaRTMOUTH COLLEGE E. C. P. M. 

Pre-employment training is for draftsmen who have been em- 
ployed. Training is inservice entirely, principally for machine 
tool industries with the exception of radio courses. From all I can 
learn the work has proved beneficial and has been greatly ap- 
preciated by the managements. 


University or New HAMPSHIRE E. C. M. 


Full time training indicates that out of 314 full time students 
79 are still attending summer courses. Of the remaining 235 stu- 
dents there were 196 placed in war industries, Civil Service or the 
armed forces, plus 17 for whom no records exist although most of 
these latter have gone into war industries. Of total placements 
92% have gone into war industries or the armed services. No fig- 
ures are available for part time trainees. 


NorwicH UNIVERSITY E. C. 

Our small industries are just beginning to take over on subcon- 
tracts and therefore the need for training is greater than ever. All 
of our training at present is inservice training. 




















320 RESULTS OF TRAINING UNDER THE ENGINEERING, SCIENCE, 





MassacHusetts InstITuTE of TECHNOLOGY E. C. P. M. 
Practically all of the men training here are already with the 
armed forces. 


Harvarp UNIVERSITY E. C. P. M. 
Most of our work has been of an advanced nature with trainees 
assigned to classes by various branches of the armed forces. Such 
courses include courses in alternating currents, electronics and 
cathode ray tubes, and control of soils in airport construction. 





WELLESLEY COLLEGE c.. .%. 
We find it impossible to suggest candidates for one-tenth of the 
positions in physics. 


WoRcEsTER POLYTECHNIC INSTITUTE E. C. P. 
By far the largest part of our program has been devoted to up- 

grading men already in war industries. From 200 replies to a 

questionnaire sent to 500 EDT and ESMDT students we tabulate: 


1. 100% are employed 
(a) 68% in war industries 
(b) 23% in contributing war industries 
(c) 9% in nonwar industries 


2. 85% said training aided them in work 
(a) 40% have been promoted since taking course 
(b) 79% of those promoted said promotion was at least 
partly due to training 
(c) 95% said program was worthwhile. 


REGION NO. 2.—CONNECTICUT, RHODE ISLAND 


UNIVERSITY OF CONNECTICUT E. C. M. 

Training has been about 90% inservice and 10% pre-employ- 
ment. All of the pre-employment group have been employed by 
Connecticut war industries. 

Up to July 1, 1942 only 5% of enrollments were women. 
Classes starting since that time average 70% women. We esti- 
mate that during the coming year we will be called upon to train 
7500 persons in 60 courses. 


YALE UNIVERSITY E. C. P. M. 

From a survey and follow-up within 6 months after 3000 EDT 
students had completed courses, information secured from each 
student, his supervisor, and from some company official, indicates 
that of the 87% who completed classes, 54% have been given ad- 
ditional duties and responsibilities in the 208 companies where 
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they are employed and were helped in handling those duties by 
their EDT work. 

A study of the EDT (1940-41) program covering 4 schools in 
Connecticut shows that the percentage of students who completed 
classes were 68%, 59%, 47% and 64%, an average of 59% for the 
4 institutions. 

Of those students who completed courses, the percentage who 
received new employment or promotions within six months after 
completion of the course were in the same order—87%, 93%, 89%, 
89%—an average of 90% for the 4 institutions. 

Of the students who did not complete courses, the percentages 
securing positions or promotions during the same period were 11%, 
10%, 12% and 14%, an average of 12% for the 4 institutions. 


The study indicates that those students who learned about: 


classes from their former supervisors, those who took the courses 
because their employing companies were interested in their par- 
ticipation, and those who were followed up carefully by their em- 
ploying company were the most likely to receive employment or 
promotions. 


REGION NO. 3.—NEW YORK STATE (except New York City 
and Long Island) 


CLARKSON COLLEGE or TECHNOLOGY E. C. M. 

Our present work is in 9 centers but we hope to serve 12 centers 
having a tributary population of 265,000 people. We are now 
serving New York Brake, The Aluminum Company of America, 
General Electric, Glenn Martin Company, Bell Aircraft, Savage 
Arms, Pennsylvania Airlines, Republic Steel, ete., as well as the 
armed forces. Demands from industry and the armed forces have 
been erratic in the past. 

Civil engineering and mechanical engineering courses have had 
practically 100% inservice enrollment, power electrical engineer- 
ing courses have been 80% inservice, communication courses 5% 
inservice, business administration 75% inservice, and chemical en- 
gineering 100% pre-employment. 

90% of enrollees have either obtained employment or bettered 
their positions in present employment through these courses. 


CoRNELL UNIVERSITY E. C. P. M. 

Trainees have been predominantly inservice. 

Illustrative examples of type and extent of courses designed to 
meet specific needs include: 

Physical Metallurgy, offered at request of Allegheny-Ludlum 
Steel Company; trained 78. 
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Elementary Aerodynamics, offered for Curtiss-Wright and Bell 
Aircraft; trained 68. 

Intermediate Aircraft Structures, offered for Curtiss-Wright 
and Bell Aireraft ; trained 141. 

Heat Power Engineering for Worthington Pump and Machine 
Company, and Buffalo Forge Company; trained 53. 

Structural Design for American Bridge Co., 3 upgrading courses 
training 25. 

Geometrical Optics and Optical Instruments for Agfa Ansco 
Corporation and Corning Glass Works still continuing. 

Chemical Engineering, to be offered at request of Corning Glass 
Works. 

Over 500 industries of our area are being served. Of a test 
analysis of 1774 students, 71.5% were employed by war industries 
holding war contracts, or by Army or Navy, 11% were employed 
by railroads, public utilities or in other fields closely allied to the 
war effort and 17.5% were employed in fields without direct bear- 
ing on the war effort. 


UNIVERSITY OF ROCHESTER EB. ©. F. 

Many students have reported increases in salary and promo- 
tions as a result of ESMDT work but data are incomplete. All in- 
dustries are informed of final acceptance of their employees by 
courses and again notified of grades at completion of course. Our 
training is predominately inservice with probably 90% already 
engaged in war work. 


Syracuse UNIVERSITY E. C. P. M. 
We believe that we are now enrolling a better grade of students 
than we did in the early stages of the ESMDT program. 
Practically all students of our courses in metal inspection are 
engaged as inspectors in local war production industries. 
Most courses here are inservice, and we estimate that 90% of 
our students are employed in war production industries. We have 
received the cordial cooperation of management officials. 


RENSSELAER POLYTECHNIC INSTITUTE Ss. ©. 2. 
Of current enrollment, exclusive of radio training, 70% are al- 
ready employed in war industries and of the remaining 30% most 
expect or hope to enter war work upon completion of course. 
Perhaps the best criterion of the value of ESMDT and ESMWT 
programs in this area is the cooperation and enthusiasm shown by 
the war industries in our area. Companies served include Behr- 
Manning Co., Delaware and Hudson Railroad Corporation, Gen- 
eral Electric Company, New York Power and Light, U. S. Engi- 
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neers, New York State Department of Public Works, Watervliet 
Arsenal, Schenectady Army Depot, Voorheesville Army Depot, 
American Locomotive Co., ete. 


Union COLLEGE E. C. P. 

We are giving only on campus, part time courses. An employ- 
ment summary of 817 persons registered for June to September 
includes the following: 536 employees of General Electric, 70 em- 
ployees of American Locomotive, 44 employees of the United States 
Government; 120 are employees of miscellaneous firms engaged in 
war industry, 47 were unemployed but some have since been em- 
ployed. The total of 817 included 145 women. 

A course in ‘‘Prineciples of Electricity and of Mechanics’’ has 
been designed for girl high school graduates employed on testing 
work in the Engineering Department of the General Electric Com- 
pany. 

UNIVERSITY OF BUFFALO C. P. M. 

Enrollment is limited almost entirely to inservice training of 
war workers. 


REGION NO. 4—NEW YORK CITY, LONG ISLAND AND 
ADJACENT NEW YORK STATE TO POUGHKEEPSIE 


MANHATTAN COLLEGE E. M. 

We estimate that 95% of persons who completed ESMDT 
courses were either employed at the time of training or were em- 
ployed within two weeks after completion of the course, in work 
essential to war industries. 


Pratt INSTITUTE E. 

About 90% of our trainees are in war work and the balance will 
enter war work upon completion of the course. Practically all 
training has been inservice. Average age of trainees is 32. 


HuntTER COLLERE C.F. 
Our work to date has been in Fundamentals of Radio I and II, 
with men who have enlisted in the U. S. Signal Corps Reserves. 


Horstra COLLEGE Oo ?: 

War industry workers of Grumman, Liberty, Ranger, and Re- 
public Aircraft factories have requested courses in our fields. All 
trainees have been inservice. 


Vassak COLLEGE CG. P. 
Up to present Vassar has offered only courses in radio, dis- 


tributed to 30% inservice training of war workers, 50% training 
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of nonwar workers, and 20% pre-employment training. At least 
40% of those trainees not in war work will enter at completion of 
courses. 










POLYTECHNIC INSTITUTE OF BROOKLYN B. Cy B: 
Inservice training 54% ; pre-employment training 46%. 
Tool design and marine courses are predominately pre-employ- 

ment. Die design is largely inservice as being more advanced. 

Aircraft, jigs and lofting courses have been largely inservice at 

the request of the Brewster plant. Chemistry and physies are 

largely pre-employment, as are civil engineering courses which 
were taken by more mature men seeking entrance to fields con- 
tributing to the war effort. 































REGION NO. 5—NEW JERSEY, DELAWARE 


NEWARK COLLEGE OF ENGINEERING E. C. 

10% pre-employment training, 85% inservice training of war 
workers, and 5% training of nonwar workers who are taking 
training in order to enter war work. We have trained men spe- 
cifically for industries representing manufacture of electrical 
equipment and machinery, heavy machinery, aircraft, communi- 
cations, ete. Essentially all trainees have taken work for upgrad- 
ing purposes. 


RutGers UNIVERSITY E. C. P. M. 
Approximately 400 war industries were helped in training for 
upgrading purposes; classes were held directly in 83 war indus- 
tries. The program of ‘‘Methods Engineering’’ has been reported 
to have decreased time on assembly jobs as high as 50% in some 
eases. Over 1200 were trained for direct upgrading in the Wright 
Aeronautical Corporation, mostly in engineering fields. 

In general, contact is made with industries for courses to be 
offered to those employees whom the management feels can use 
such training for direct progress in their plants. In this way we 
train for the greatest need and persons trained use knowledge 
gained immediately. 


Stevens War INDusTRIES TRAINING SCHOOL E. 
For ESMDT through March 20, our records indicate: 
Three months full time students 87% placed 
Six “ec “é ce << 99% “<< 
Nine “é “é “< “é 95% “é 
Since then calls for women have skyrocketed. Under ESMWT 
to July 25, 64% of the men have been placed and 95% of the 
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st women have been placed. Our service to industry is limited by 
of lack of women trainees. 

Industries taking large proportions of our students are West- 
ern Electric, Wright Aeronautical, Eclipse Aviation, Bendix, Alu- 
minum Company of America, Curtiss-Wright, Bell Telephone Lab- 
oratories, Sperry Gyroscope, Westinghouse, Bethlehem Steel, Ship, 
de ete. 































at PRINCETON UNIVERSITY E. C. P. 

About 75% of persons completing courses enter war work. 1 
h About 400 graduate chemists were upgraded for chemical war 

industries in the Newark area. 


UNIVERSITY OF NEWARK M. 

For the six months this institution participated in ESMDT pre- 
employment training represented 5% of enrollment, inservice train- 
ing of war workers 60%, and inservice training of nonwar workers 
35%. The percentage of those not in war work but who will enter 
war work upon completion of training is estimated at 32%. 
ui Representative of agencies and companies for whom training 
has been given are the U. S. Employment Service, Picatining 
_ Arsenal, Breeze Corporation, Brewster Aircraft Corporation, Cru- 

cible Steel, Federal Ship Yards and Drydock Corporation, Ford : 
Motor Company, General Electric, General Motors, New Jersey ; 
Bell Telephone, Sperry Gyroscope, Thomas Edison, Inc., Westing- 





3 house, ete. : 
r UNIVERSITY OF DELAWARE E. C. M. 
A About 90% are inservice war workers, except for radio train- 
1 ing for students expecting to enter the armed forces and courses in ; 
1 Chemistry of Powder and Explosives, which are nearly 100% pre- 
t employment. 
e REGION NO. 6—PENNSYLVANIA, WEST VIRGINIA 
¥ : 
‘ MUHLENBERG COLLEGE oD A 

. Muhlenberg College has just entered the program and has com- 


pleted one course in advanced mathematics as applied to physics. 
Two trainees working in different industries stated that because of 
this training they were able to convince their superiors of the wis- 
dom of using mathematical calculations to determine the maxi- 
mum capacity of a machine rather than to increase the load until 
it collapsed. 


A ee eee 


LEHIGH UNIVERSITY E. C. P. M. 
Last year we trained 75 chemists for the Trojan Powder Com- 
pany, and 75 ensigns for the Navy in diesel engineering. 














326 RESULTS OF TRAINING UNDER THE ENGINEERING, SCIENCE, 


DREXEL INSTITUTE OF TECHNOLOGY E. 


Many courses offered were for employees of the U. S. Navy 
Yard, Frankford Arsenal, New York Shipbuilding Corporation, 
Cramps Shipyard, General Electric Company, Kellett Autogiro 
Co., Brewster Aeronautical Corporation, DuPont Co., Baldwin 
Locomotive Co., ete., and were designed through cooperation of 
Department heads of these industries and our staff. Most training 
was inservice. 


UNIVERSITY OF PENNSYLVANIA KE: C: ¥. 


We accept only students at present employed in war industry 
or definitely intending to enter war industry at completion of train- 
ing and have offered no pre-employment training. The following 
table is a classification of ESMDT students: 


M.B. and 
BE.E. Chem.E. Man. Physics 


Inservice training of war workers.... 95% 97.5% 77% 100% 


Inservice training of nonwar workers. 5% 2.5% 23% 00% 
Employed in war work on completion 
i IU fe iit 6 5-6 hk has cae eons 96% 98% 95% 100% 


A short table of typical industries served and number of stu- 
dents from each industry trained follows: 


Ch.E. E.E. M.E. P.M. Phys. 


General Chemical Company ....... 34 

Chas. Lenning Company .......... 44 

MEN culls aki g's GSas y'A09\a\ vay oc.6 526 617 246 

Cramp Shipbuilding Company ..... 46 

Summerville Tube ............... 65 50 

Phileo Corporation .............. 210 156 120 

Kellett Autogyro .... 0... os cicesices 120 

Philadelphia Depot Quartermaster 

NI era <sn ie Ob 46s wig Kb. ow pie’ 342 

Philadelphia Navy Yard ......... 137 36 346 

Leeds and Northrup ............. 7 

Prankford. Avaemal ....... 200.5%: 38 121 

Baldwin Locomotive ............. 181 
SWARTHMORE COLLEGE mB. @.. ¥. 


Courses were given to employees of the Sun Shipbuilding and 
Dry Dock Company in welding engineering, marine power plant 
equipment, marine power plant instruments and cycles, marine 
turbo-electric power plant operation, marine diesel power plant 
operation, and power plant studies. These courses are reported 
by the company as being especially helpful and we have just been 
asked to give a course in orthographic projection to about 1,500 of 
their employees. 
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For Westinghouse Electric we offer quality control courses, 
manufacturing methods, time and motion study, engineering draw- 
ing, and mathematics, stated by the company to be most helpful. 

Practically all trainees are employees of the two companies 
named. 


VILLANOVA COLLEGE E. C. 
Except for courses in elements of engineering all other courses 


are for employees of war industries. 
The distribution of those employed in ESMDT is in about the 


following percentages : 


Shipbuilding, Marine Steam Power Design .......... 4% 
Shipbuilding, Heating and Air Conditioning ........ 8% 
Drafting in War tdatrted oo. s 5 ee ioe Se ices oes 42% 
Electrical and Mechanical Design in War Industries... 16% 
Teachers for ESMDT Program .................... 17% 
QE WOE NN Se rece aaa 13% 
BUCKNELL UNIVERSITY E. C. 


For ESMDT inservice war industries 30%, inservice nonwar oc- 
cupations 50% and pre-employment 20%. About 80% are ex- 
pected to enter war work if not so employed. 

Of 61 finishing the course in general chemistry 50 were em- 
ployed by the Pennsylvania Ordnance Works. 


HAVERFORD COLLEGE E. C. P. 

For ESMDT our trainees have been men only. About 50% are 
inservice war workers, 25% inservice nonwar workers and 25% 
pre-employment. Probably 90% enter war work upon completion 
of the course. 


PENNSYLVANIA STATE COLLEGE E. C. P. M. 
Average age of men, ESMDT 31 EDT 28 
Average age of women, ESMDT 29 EDT 31 


33.5% of those persons enrolled in classes obtained new jobs, 
promotions or pay increases during the period of training. 82.4% 
of these changes were in the field for which the individual was 
being trained, which means that 27.5% of those enrolled received 
concrete recognition of their training while it was still in progress. 

The Glenn Martin Company, U. 8S. Signal Corps, U. 8. Civil 
Service Commission, have each indicated a desire to hire the entire 
graduating group of appropriate courses. Over 400 companies 
engaged in war work are being served in Pennsylvania. Examples 
of trainees hired by these companies include: 
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Inspectors (women), foremen, metallurgical assistants, safety 
engineers, pyrometrists’ assistants, full technicians, open hearth 
inspectors, electronic specialists, draftsmen, production super- 
visors, chemistry laboratory technicians, transformer testers, radio 
inspectors, heat treatment technicians, ete. Among companies 
served are Lukens Steel Company, Jacobs Aircraft Company, 
Piper Aircraft Company, Doehler Die Company, Armstrong Cork 
Co., Westinghouse Electric, Pennsylvania Ordnance Works, Beth- 
lehem Steel Co., Carnegie Steel Co., Yale Safe and Lock Co., Ameri- 
ean Can and Foundry Co., ete. 

Many industrial concerns in Pennsylvania make a practice of 
urging employees to take specific courses as preparation for up- 
grading. 


UNIVERSITY oF PITTSBURGH E. C. P. 


Approximately 60% of those trainees listed as employed are now 
working in war industries and are in the process of upgrading. 

The General Electric Company at Erie requires that every new 
man applying for a position as inspector take our course in me- 
chanical inspection of materials. 

From 1,200 replies to a questionnaire sent to former students 
one-third had received new or better jobs in war industries. 

From a letter received from Westinghouse Electric and Manu- 
facturing Co.—‘‘ Although progress in using women in engineer- 
ing drafting and tool design has been somewhat below expectations, 
much of the success we have had has been with your pupils.’’ 


West Vireinia UNIVERSITY E. C. P. M. 

Nearly all trainees have been inservice industrial war workers 
seeking upgrading. Future programs are expected to include 
large numbers of women under pre-employment training. 


REGION NO. 7.—DISTRICT OF COLUMBIA, MARYLAND 


GEORGE WASHINGTON UNIVERSITY E. C. P. M 


During 1941-42 about 10% of our trainees were women. 

Approximately 60% of our trainees received certificates and 
10% of those receiving certificates have been upgraded during or 
shortly after completing courses. 


Howarp UNIVERSITY E. C. M. 


Pre-employment 40%, inservice war workers 15%, inservice 
nonwar workers 45%. At least 60% of pre-employment trainees 
have been employed in war work upon completion of course. 
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CaTHOLIC UNIVERSITY E. C. P. M. 

Practically all trainees are Government employees who are 
usually rather mature. 75% of our enrollment is for upgrading 
and 25% is pre-employment. Dropouts due to promotions while 
courses are in progress seriously affect enrollment. 


Jouns Hopkins UNIVERSITY E. C. P. M. 

13% pre-employment, 87% inservice. 

85% of pre-employment trainees in courses of inspectors ac- 
cepted employment with aircraft industries. 

90% of pre-employment trainees in courses of radio entered 
army, navy, or radio industries. 

100% of trainees taking both part and full time courses in field 
of materials are using training in spectrographic analysis, x-ray 
technique, and metallography. 

100% of trainees in ship power plant testing are employed by 
war industries. 

75% of full time trainees in photogrammetry and surveying are 
employed in this field. 

100% of the part time trainees in plastics fields are employed 
by war industries. 


UNIVERSITY OF MARYLAND E. C. P. M. 
90% inservice training of war workers, and 10% pre-employ- 
ment training of war workers. 
Industries served include Glenn L. Martin Company, Fairchild 
Aireraft, Westinghouse, Air-Track, National Broadcasting Com- 
pany, Navy Department, War Department, etc. 


REGION NO. 8—NORTH CAROLINA, SOUTH CAROLINA, 
VIRGINIA 


NortH CaRoLina STATE COLLEGE E. C. 

Under ESMDT we trained approximately 3,500 students who 
are all placed in war industries, or the Army or Navy. It has been 
months since a past student has contacted us for help in receiving 
employment, and all students have received several offers by the end 
of each course. 


NortH CaRoLiIna COLLEGE FOR NEGROES C. M. 
Trainees backgrounds— 
45% have high school graduation 
30% have 1 year of college 
20% have 2 or more years of college: 
5% are graduates of college 
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Courses are pre-employment or inservice training of nonwar 
workers who wish to enter war industries. Placements equal 


29.7%. 


NortH CAROLINA AGRICULTURAL AND TECHNICAL COLLEGE 
E. C. 

The types of courses which we propose depend upon the demands 
of the war industries with 80% of trainees inservice nonwar work- 
ers and 20% pre-employment. 95% of those trained enter war 
work. 


UNIVERSITY oF SoutH CAROLINA E. C. M. 


All courses are inservice for trainees of whom the majority are 
not now in war work but who expect to enter war work. 


UNIVERSITY OF VIRGINIA E. C.. P.. = 


Approximately 90% of work is off campus for employed work- 
ers, of which 15% are in industries contributing indirectly to the 
war effort, and 85% in war industries. At least 30% of those 
trained from nonwar industries enter the war industries as a re- 
sult of training. 


UNIVERSITY OF RICHMOND C. P.M. 
Inservice training war workers .................... 80% 
Inservice training nonwar workers ................. 20% 
Nonwar work trainees entering war work ........... 80% 


Most trainees are employed in metal industries, chemical indus- 
tries, communications, and transportation. 


REGION NO. 9—ALABAMA, FLORIDA, GEORGIA, 
MISSISSIPPI 


ALABAMA POLYTECHNIC INSTITUTE EK. C. M. 

90% of training has been off campus. 

Shipbuilding, ordnance, and construction industries have bene- 
fited most from our training. Construction of air fields and camps 
has been a major problem in this area. Practically all of the re- 
placements which the State Highway Department has been able to 
secure are ESMDT trainees and their needs have been acute. The 
shipbuilding industry has upgraded a large percentage of their 
supervisory personnel as the result of ESMDT. 


UNIVERSITY OF ALABAMA E. C. P. M. 

We find a ratio of 76.62% of actual trainees to authorized 
trainees, giving 12,000 male trainees. Cooperation with industry 
has been excellent as the typical letter quoted below will show: 








war 
qual 


nds 
ork- 
war 


are 


rk- 
he 
se 












AND MANAGEMENT DEFENSE TRAINING PROGRAM 331 


March 27, 1942 


‘‘To All Section Heads, Emergency Shipbuilding Department. 

Each superintendent, section head, and other supervisors, is 
urged to impress upon each of his employees the advantages and 
desirability of participating,to the fullest possible extent in de- 
fense classes now being offered by the Mobile center of the Uni- 
versity of Alabama. 

The rapid training of large numbers of better qualified men 
in all types of work. is necessary to meet the expanding needs of 
this department, and the additional educational training offered 
in these courses should be of material assistance in this program.’’ 


(Signed) S. N. McILHENNy, Manager, 
Alabama Dry Dock and Shipbuilding Co., 
Emergency Shipbuilding Department, Mobile, Ala. 


Report from Alabama Metal Lathe Company : 


Our Superintendent and Assistant Superintendent registered 
as students in Industrial Management courses. As a result of 
knowledge acquired these two men collaborated in making a lay- 
out of a plant for ordnance materials which was referred to the 
Ordnance Department in Washington and resulted in a Govern- 
ment contract for the production of ordnance materials by this 
company. Both men frankly admit that had it not been for 
the ESMDT courses which they took they could not have planned 
this plant and its operations. 


Report from Linde Air Products: 


Mr. Thacher, an ESMDT student, has applied his training to 
study of distribution, collection and refilling of gas containers 
used in the Birmingham area. This particular operation occu- 
pied the attention of approximately 80 women. Through Mr. 
Thacher’s suggestions, one operation which was previously 
handled by 13 women is now being handled by 4. Similar re- 
adjustments have been effected elsewhere throughout the plant. 


GEORGIA SCHOOL oF TECHNOLOGY E. C. M. 


77% inservice, of which 44% are in war industries. 

Of the balance, 10% are pre-employment already committed to 
specific war industries, and. 13% are pre-employment not having 
positions lined up at time of training although a large portion of 
these are employed in nonwar industries. 

At least 70% of trainees will be engaged in war industries at 
conclusion of training. 
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MississipP! STaTE COLLEGE E. C. P. M. 

50% are in war industries. 

25% will enter war industries. 

Trainees have taken employment with Hercules Powder Com- 
pany, Memphis Fisher Aircraft, Masonite Company, Columbus 
Air Base, Aberdeen Ordnance Plant, Gulf State Creosoting Com- 
pany, ete. 


UNIVERSITY OF MISSISSIPPI a. C.F: 
OE: WE UO no goss Raven's 4 b4 Saas 40% 
Inpervice DOUMWEP WOFKCTE ... <2 2... ccc cccccccctes 30% 
Pre-employment trainees ..............eceeeececece 30% 


Approximately 60% of ESMDT Engineering trainees are known 
to have entered war work. 


REGION NO 10.—KENTUCKY AND TENNESSEE 
UNIVERSITY OF KENTUCKY eS. C.. P. 

67.3% of our trainees finished courses satisfactorily. 

80% of those completing courses are in war work. 

Among full time courses there have been two in aircraft power 
plant engineering, one for testing and inspection of materials, three 
for ordnance inspection, four in internal combustion engines main- 


tenance engineering for men employed at the Lexington Signal 
Depot. 
UNIVERSITY OF TENNESSEE E. C. P. M. 

Placements of trainees with the following firms result from 
ESMDT classes in engineering drawing to H. M. S. Construction 
Company, Vultee Aircraft Corporation, Smyrna Air Base, T.V.A., 
Wolf Construction Company, Fisher Body, Helston Ordance 
Works. 

Examples of upgrading are cited as 1 promotion to Safety 
Supervisor of DuPont Company in Wellington, 18 received pro- 
motions in Knoxville by reason of course in accounting and audit- 
ing procedures, 1 promoted to head foreman of night shift by 
taking the course in welding and metallurgy and another to head 
of X-ray department at Combustion Engineering Co., Inc., ete. 


REGION NO. 11.—OHIO 


UNIVERSITY OF AKRON , E. C. P. M. 
90% inservice training war workers. 
75% of balance will enter war work. 
Inservice training courses specifically requested by industries 
are illustrated as follows: 
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Goodyear Company 


Basic Engineering Drawing ..................- 55 
Advanced Engineering Drawing .............. 50 
Wbnetenies os tee ed i a eS 42 
PRG 0.000 eswikssidg Nach dekh sg esees 26 
Specialized Aircraft Print Reading ............ 691 
Basic Aircraft Print Reading ................ 1,185 
B. F. Goodrich Company 
Intermediate Production Supervision .......... 42 
Elementary Production Supervision ........... 249 
Advanced Production Supervision ............. 885 
Industrial Production Problems .............. 118 
Time and Motion Bay oc oiccc cc cciccscacecsar 129 
Firestone Tire and Rubber Company 
Fundamentals of General Engineering ......... 160 


Other courses were on campus courses to meet the needs of 
smaller local war production industries. 


FENN COLLEGE E. M. 
Pre-employment trainees ..............c.eeeeeeeee 10% 
Inservice trainees, war work .................:.... 80% 
Inservice trainees, nonwar work .................+: 10% 


Pre-employment and nonwar workers who enter war work upon 
completion of course, 50%. 

Sixty trainees have been specifically prepared for Wright Field 
as Laboratory Technicians. From a sample preliminary report on 
all courses 260 returns indicated that 206 had been able to effec- 
tively apply principles learned in their course to present work, 39 
had received new positions, 37 others had received promotions and 
91 had received greater responsibility. 


Onto State UNIVERSITY E. C. P. M. 
Inservice training of war workers ................+.. 75% 
Pre-employment training of war workers ........... 25% 
Pre-employment trainees entering war work ......... 80% 


The steel industry has employed 400 of our ESMDT students. 

Ordnance plants take practically 100% of Chemistry and Ex- 
plosive trainees. 

Pre-training of 70 in analytical chemistry techniques has placed 
nearly all in steel, ordnance, and control laboratories of the war 
industries. Since the first of February our communications lab- 
oratory has been constantly in use from 8:00 a.m. to 11:00 p.m. 
daily. 
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Miami UNIVERSITY C. P. M. 
Inservice training of war workers ...............+.- 80% 
Inservice training of noriwar workers ............... 10% 
Pre-employment training of war workers ............ 10% 
Trainees entering war work at completion of course .. 5% 


Industries served include: 

1. Heavy ordnance as produced by Herring-Hall, Marvin 
and Mesler Safe Companies, Frigidaire and National 
Cash Register. 

2. Steel and special steel alloy as produced by American 
Rolling Mill Co. 

3. Diesel Engine manufacture by General Machinery Cor- 
poration. 

4. Blast furnace operation by Hamilton Coke & Iron Com- 

pany. 

. Miscellaneous including foundries, machine tool, steel 
fabrication, paper, aircraft by Waco and Aero, and pre- 
cision instruments. 

6. Wright and Patterson Fields. 


or 


YOUNGSTOWN COLLEGE C. 

Except two or three who were not recommended, all trainees 
who took the course in explosives are employed in manufacturing 
or loading plants. The greater percentage of our trainees have 
been persons recommended by manufacturers for training in prepa- 
ration for upgrading. 


UNIVERSITY OF CINCINNATI E. C. P. M. 
Inservice trainees in war work .................++++ 70% 
Inservice trainees in nonwar work .............-+-. 28% 
Pre-employment trea 6... ss cs cece ecives 2% 


At least 67% of inservice trainees in nonwar work enter war 
work upon completion of training. 

Courses are offered for benefit of all war industries in vicinity 
and are generally not for specific companies, although examples of 
the latter include 19 men selected by William Powell Company of 
Cincinnati for upgrading to be given a class in Techniques of 
Modern Supervision, and 7 selected by the Wright Aeronautical 
Corporation. 


OxI0 UNIVERSITY E. C. P. M. 
Pre-quaplayment train ook os). os ee ce reise cee 50% 
Inservice training engaged in war work ............. 35% 


Inservice training engaged in nonwar work .......... 
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A high percentage of pre-employment trainees enter war in- 
dustries. 

Because of the many new industries and new plants it has been 
necessary to train a high percentage of persons under pre-employ- 
ment training. 

Industries served include: 


American Rolling Mills, Ashland, Kentucky, with courses in 
industrial safety engineering, unit costs and cost analysis, 
time and motion study, practical metallurgy and blast fur- 
nace practice. 

Ashland Oil & Refining Company, Ashland, Kentucky, 
courses in conversion of petroleum and inorganic chemistry. 


Wheeling Steel Company, Portsmouth, Ohio, courses in cost 
practices, management, metallurgy and industrial safety en- 
gineering. 

Meade Paper Company and Chillicothe Paper Company, 
Chillicothe, Ohio, courses in inorganic chemistry. 


REGION 12.—MICHIGAN 


UNIVERSITY OF DETROIT E. C. P. M. 

The vast majority of all war course students in the Detroit area 
are unquestionably persons who are now employed in war indus- 
tries but who hope to prepare for or obtain better positions in war 
industries. 


WAYNE UNIVERSITY E. C. P. M. 


About 40% of trainees are assigned by employers for training 
in particular work. 90% of remainder are employed in war indus- 
tries. The balance are mostly trained for the Signal Corps or 
Civil Service. 

Training for specific companies includes courses in magnetic 
inspection offered in response to a request by the Cadillac Motor 
Car Co., but the requests became so general that we opened it also 
to men assigned from Hudson Tank Arsenal, Chrysler Motor Car 
Co., Ex-Cell-O Aircraft, Packard Motor Car Co., and several others. 
We have had several other similar requests for courses but find 
generally that we have similar needs in many industries. We had 
about 5000 enrollments in ESMDT of which 1500 were reenroll- 
ments taking more than one course. 

Industry asks us specifically to train women for jobs in traffic 
management, drafting, spectroscopy and other physical and chemi- 
eal laboratory work. 
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UNIVERSITY OF MICHIGAN C. 

76% of ESMDT class hours were in full time on-campus courses. 

24% of ESMDT class hours were in part time off-campus 
courses. 

The spring series, 1942, is typical of our part time off-campus 
courses. . Of 665 enrollees, 648 were employed (97.6%). The high- 
est average age for any course was 50.75 years. The minimum age 
was 26.7 years, and the general average, 34.25 years. 

The trainees in 5 of the 21 courses averaged more than 4 years 
in college, 4.9, 4.4, 4.4, 4.3 and 4.2. The minimum for any course 
was 1.3 years and the general average was 2.8 years. Nine trainees 
had Ph.D. degrees, 55 had M.S., and 329 had B.S. degrees. 

82% of the trainees completed the courses. 

62% of the trainees completed the courses satisfactorily. 


LAWRENCE INSTITUTE OF TECHNOLOGY E. 
Pre-employment teeing |. os6 6 os noe fc keene ele 24% 
Or er a eC COR eee ee 76% 
Inservice training of war workers ................. 74% 
To remain in or accept war work .................. 100% 


Educational qualifications of trainees show that 72% of trainees 
had high school graduation only, and 28% of trainees had one or 
more years in college. Our records show that ESMDT training 
has resulted in upgrading in the following fields: Mechanics 82, 
spectroscopy 42, strength of materials 85, materials testing 70, 
plastics 294, engine testing 51, draftsmen 390. 

War industries of the Detroit area have hired persons trained as 
follows: Draftsmen 485, mechanical detailing 165, die designers 
172, tool designers 168, tool and fixture designers 93, electronics 
engineers 48, radio technicians 70, inspection 47, chemical and 
metallurgical technicians 65, time and motion study 138. 


Detroit INsTITUTE oF TECHNOLOGY E. M. 


We offer no off-campus courses. 

40% pre-employment courses. 

50% inservice training of war workers. 

10% inservice training of nonwar workers. 

Total who are in war work on completion of courses 93%. 

Industries benefiting most from training include airplane and 
airplane parts manufacturers, airplane engine and airplane engine 
parts manufacturers, truck, jeep, and tank manufacturers, gun 
and ordnance manufacturers. 

Services for these industries include training of tool, die, jig 
and fixture designers; airplane wing and surface fabricators, time, 
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motion and methods engineers for war plants, production engi- 
neering specialists, and supervisory personnel. 


Micuiean State CoLLeGE E. C. P. M. 

Persons enrolling in classes now represent a higher average age 
and more extensive college training. At present the average age is 
35 and trainees average over one year of college training. Nearly 
one half are women. 75% is pre-employment and 25% inservice 
in war industries. Practically all are in war work at completion 


of course. 


REGION NO. 13.—INDIANA 


INDIANA UNIVERSITY C. P. M. 
Almost every person taking ESMDT chemistry and manage- 
ment courses is employed and took the courses for upgrading pur- 


poses. 





PurDUE UNIVERSITY E. C. P. 

ESMDT trainees averaged 26 per class. 

About 50% of trainees were in direct war industries at time of 
training, 25% of trainees were employed in other industries essen- 
tial to the war effort and 22% were employed in nonessential indus- 
tries but were available for war industry employment and expected 
to enter a war industry upon completion of course. About 3% of 
trainees were pre-employment. 

Only 2.6% of ESMDT trainees were women—this has risen to 
20.6% for ESMWT by August 1942. 

The greatest interest for training in Indiana seems to be in 
‘fields of manufacturing, electrical and metallurgy courses. 396 
companies have been served by training 5,971 students under 
ESMDT. 

Average age of trainees is 30 years. 

14.8% are college graduates and 19.5% have attended college. 


Rose PoLyTECHNIC INSTITUTE E. 

About 15% of trainees have had more than high school educa- 
tion. 
Training is almost entirely inservice with about 50% of trainees 
in direct war industries. A large percentage are in contributing 
industries such as public utilities or power plant. 

Courses in drawing and design have served numerous war in- 
dutries ; chemical engineering courses are of direct service to local 
munitions plant and Commercial Solvents Corporation. 
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REGION NO. 14.—ILLINOIS, WISCONSIN 


InuiINoIs INsTITUTE OF TECHNOLOGY E. C. M. 
There is an increasing tendency for industry to follow the lead 
of the Government services and pay trainees during the time they 
are preparing themselves for technical jobs. From some 1,500 
industries of which 80% will be war plants, we are training 15,000 
persons in part time evening courses. In full time inservice 
courses we are training about 4,000 persons employed by ordnance 
districts, Civil Service, Signal Corps, and war industries. 


UNIVERSITY oF ILLINOIS E. C. P. M. 
Under ESMDT we have trained 4,258 persons in engineering 
fields, 127 in Physics, 157 in Chemistry and 1,767 in Management. 
Typical specific requests from industry are illustrated by 
Course in aireraft radio given in response to a request from 
Major Harnett of Wright Field, Dayton, Ohio. 

Course in safety engineering given in response to a request by 
the Safety Director of Green River Ordnance Plant. 

Course in supervisory training given in response to a request 
by the General Manager and Personnel Manager of Oak Ordnance 
Works. 

Course in functions of alloying elements in steel, given in re- 
sponse to inquiries of the Rockford Chapter of the American So- 
ciety of Metals. 





THE UNIVERSITY OF CHICAGO CO. Pare 

At least 50% of the persons taking ESMDT courses are already 
employed in war industries or Federal agencies such as War De- 
partment Ordnance. 25% were not employed, but sought war 
work, or gave up jobs to take ESMDT training preparatory to tak- 
ing war jobs. 25% are employed in nonwar governmental activi- 
ties or nonwar industries. 

Roughly speaking, half of the trainees were of inservice type 
and half were of pre-employment type. Seventeen percent were 
women. 

In management, for example, the types of persons taking courses 
were men and women with professional, administrative, and tech- 
nical training from civilian industries. In many cases these per- 
sons had been eliminated from employment by lack of materials 
for the firm with which they had been associated, and yet they 
lacked the specific training to move directly into war production 
work. These trainees have come from nonproduction industries 
such as finance, retailing, wholesaling, amusement, and other serv- 
ice industries. 
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In fields of physics, services have been rendered to optical manu- 
facturing concerns and testing agencies in the field of theoretical 
optics and grinding and polishing glass services. Courses of 
spectroscopy have served petroleum, steel and metal industries. 
Radio courses specifically serve the Signal Corps, up through ultra- 
high frequency techniques. 

In the field of management we have assisted over 100 organiza- 
tions by training 150 women and 350 men in supervisory techniques 
of which 90% are directly employed in direct war production. 


WHEATON COLLEGE C. P. M. 
75% employed in direct war employment. 
25% employed in contributing war employment. 
Most trainees have been from aircraft and chemical plants of 
our area. 


UNIVERSITY OF WISCONSIN E. C. P. M. 
Our program is State wide, so that only 21% of classes were on 
campus and 79% were off-campus in 34 different cities of the State. 

94% of students enrolled were employed. 

69% of those enrolled were employed in war work during train- 
ing. 
17% are employed in war industries after completing courses. 
8% are employed in contributing war industries. 

Trainees from 562 war industries in 34 cities enrolled in the 
ESMDT program of January 1 to July 1, 1942. 


REGION NO. 15—IOWA, NEBRASKA, NORTH DAKOTA, 
SOUTH DAKOTA, MINNEOSTA 


Iowa StaTE UNIVERSITY E. C. P. M. 


90% of students completing training enter war work. 

Enrollments are divided into pre-employment 5%, war workers 
70%, and nonwar workers 25%. 

In our area there is growing evidence of companies requesting 
special training for their men, such as recent requests for courses 
by companies in radio equipment manufacture and courses for 
other companies in fields of tool engineering and industrial engi- 
neering. There are fewer courses of general nature; more are 
pointed specifically toward war training in specific industries. 


Iowa State CoLLEGE K. C. P. 

Inservice training needs have shown greatest growth. Greater 
than 90% of trainees are employed in war work and training given 
usually has to do with handling of specific manufacturing opera- 
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tions such as materials testing, inspection of electrical apparatus, 
drafting, blue printing and chemical analysis. 

Of pre-employment training, 95% of those who have completed 
courses have found employment promptly in war industries. 

Foreman training courses have been conducted for a large radio 
manufacturing company, for an ordnance plant which is produe- 
ing small arms ammunition, for a manufacturing of cast aluminum 
plane parts which is changing over from the manufacture of wash- 
ing machines, ete. 


DRAKE UNIVERSITY Cc. P. x 


At least 75% of present trainees are inservice war workers tak- 
ing training which relates directly to the work they are doing. 
Our war industries give constantly greater cooperation and offer 
specific recommendations for courses to be taught. Our pre-em- 
ployment trainees are being absorbed in war work. 

Illustrative of specific services to industry, we indicate courses 
in industrial purchasing and stores being offered for U. S. Rubber 
Co. Arms Plant and Solar Aireraft Corporation. In personnel 
courses, and business administration courses we have trainees who 
are employed in personnel work and supervisory capacities in these 
two plants and others having war contracts. Since these courses 
began 10 weeks ago 5 persons have been promoted into positions in 
which they will use directly the information and training which 
they are receiving. One student reported his training assisted him 
in organizing the purchasing department of the new Solar Aircraft 
Corporation. 


UNIVERSITY OF NortH Dakota E. C. P. M 


Because North Dakota is remote from centers of industry most 
of our work is pre-employment. Trainees wish to receive general 
preparation at home before migrating to war industries. Courses 
are designed to meet replies expressed by war industries indicating 
their needs. 

Examples of placement are given hereafter. 

Materials Inspection and Testing—20 completed course, all em- 
ployed, 75% as inspectors in aircraft manufacturing plants, balance 
in steel manufacturing plants. 

Advanced Accounting—34 trained, 80% employed in companies 
engaged in war work. 

Aeronautical Drafting—29 trained, all employed as draftsmen 
in aircraft industries. 

Radio Technician Training—49 trained, all employed as radio 
station operators and to maintain equipment. 
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atus, Engineering Drawing—51 trained, all employed in aircraft in- 
dustries and Civil Service. 
leted Chemistry of Powder and Explosives—18 trained, all employed 
by Civil Service for concerns of powder and explosives manufac- 
adio ture. 
due- 
neil SourH Daxorta State CoLLEGE E. C. M. 
rash- 54% of all trainees are in direct war industries such as Babcock 
and Wilcox, Remington Arms Co., Boeing Aircraft, Manitowoc 
Shipbuilding Corporation, U. S. Rubber Co., ete. 
i 8% of trainees are with the armed forces. The remaining 38% 
tak- are probably employed but since we do not have definite records 
ing. of their positions we list them in this classification. However, we 
offer know of none who have not found worthwhile employment. It is 
-em- characteristic of our area that men whom we train should distribute 
widely throughout the nation. Individuals most interested in the 
irses past have been those persons with incomplete college training or 
bber no college training. 
nnel UNIVERSITY OF MINNESOTA E. C. P. M. 
Md ho Minnesota has not been an industrial state and therefore its 
ai citizens are in greater need of training for the industries they must 
F now enter than are citizens of a state who have been accustomed to 
is in : . dhe Sen ‘ wimge 
hich industrial activities for many years. The principal industries in 
’ direct war work in Minnesota are those engaged in manufacturin; 
him ; : gage é g 
cartridges, gun mounts, machine guns, electrical generating sets, 
raft explosives, airplane instruments, heavy steel and iron, and the in- 
dustries of shipbuilding, iron mining and steel milling. 
M Pre-employment training .................-ee+eeee: 48% 
Ineetvice in. War: TnGRRAI «56 dooce ci sswuemeweres 41% 
nost oe “ : 
oni Inservice in nonwar industries .............-.+seee- 11% 
ses Sr. OLar CoLLEGE 6. P: 
ting Principal training has been in communications fields in elec- 
tronics courses. 
34% are in war work. 
em- 33% are entering war work, being previously employed in allied 
ance fields. 
33% are not employed in war work now, but are taking an ad- 
nies ditional course to fit them to enter war work. 


men REGION NO. 16.—MISSOURI, OKLAHOMA, ARKANSAS, 
KANSAS 


UNIvERsITY oF Missouri E. C. P. M. 
50% pre-employment training. 


adio 
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1175 persons enrolled from March 30, 1942 have shown a high 
percentage entering Civil Service, the armed forces and war in- 
dustries. 


UNIVERSITY OF TULSA EB. C. M. 

50% of trainees are women and men entering and re-entering 
technical positions. 

30% of trainees are men employed in war industries being ad- 
vanced to more responsible positions. 

20% of trainees are persons changing from one type of em- 
ployment to another in which the demand is greater than for the 
training they now have. 

Industries served include Douglas Aircraft, Patterson Steel, 
Petroleum Companies, DuPont de Nemours, Seismograph Service 
Company, Allied Steel, Spartan Aircraft, Franks Manufacturing 
Company, Tulsa Boiler and Machine Company, Hinderliter Tool 
Company, Progressive Brass Co., ete. 


UNIVERSITY OF OKLAHOMA E. C. P. M. 

Under ESMDT 220 trainees in 78 classes divided into 30% pre- 
employment, 40% inservice war industries, and 30% nonwar indus- 
tries. At least 50% of all our trainees have entered war work 
after training. 

A brief list of courses for war industries served last year by 
ESMDT includes concrete design, mathematics for engineers, sur- 
veying, engineering drawing, ete., for Camp Gruber, foreman, 
supervisors, accountants, safety engineers and accountants for Du- 
Pont Powder Plant, ete. <A significant change in this year’s pro- 
gram is the increasing number of requests from war industries to 
train their employees. Last year many people did not realize the 
seriousness of the employment situation, but that has changed. 
Numerous new large construction projects are under way, and 
there are large war industries opening new plants in Oklahoma, 
such as Douglas Aircraft, Oklahoma Ordnance Plant, the Mid-West 
Air Depot, and the Navy Shell Loading and Storage Plant. 


OxtaHomMa A & M nC. 3, 

75% of trainees completing courses are working in vital war in- 
dustries in Oklahoma. War industries of this area are just be- 
ginning to need trainees in new plants. Specific courses offered 
at the request of industry include: 

Chemistry of explosives, full time, and industrial safety engi- 
neering, half time, for DuPont de Nemours Company; courses in 
mathematics for engineers, physics, and inspection for the Stear- 
man Aircraft Company ; aircraft tool design, engineering drawing, 
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aircraft inspection, all full time, for Douglas Aircraft Company, 
and others. 


OKLAHOMA City UNIVERSITY C. M. 

Since the Government has established so many large plants here, 
a large proportion of our adult population is seeking to qualify for 
employment and 80% of our training is pre-employment. Over 
50% of trainees are now in war work and as the new industries 
open that figure is rising. The calls for inservice training are in- 
creasing as plants get under way. Our oil companies are calling 
for petroleum chemists and workers are needed for the Mid-West 
Air Depot and the Douglas Air Plant, a bomber plant, and a Mu- 
nicipal Air Depot. 


UNIVERSITY OF ARKANSAS E. C. M. 

Because the University of Arkansas is not near war industries, 
most courses are off campus to serve war industries in their own 
localities. The U. S. Engineers Office has probably benefited most 
from our training as an individual body. They have received re- 
placements from our classes, have upgraded present employees 
trained in ESMDT, and in one instance I am told that an emergency 
job for topographic maps for the army was turned out in a re- 
markably short time at a saving of thousands of dollars through 
use of ESMDT trainees. 


UNIVERSITY OF KANSAS E. C. P. M. 
The high percentages of pre-employment training found in 
ESMDT are now decreasing as war industries begin to function in 
this area. We are now training by request of war industries, tool 
engineering, jig design, inspection, and cost accounting for Boeing 
Airplane Company, and Beech Aircraft Corporation; management, 
safety engineering, chemistry of powder and explosives for J-M 
Service Corporation ; radio industrial management, radio engineer- 
ing, receiver design, for Wilcox Electric; crystal production for 
frequency control for Aircraft Accessories Corporation ; direct and 
alternating currents, Kansas City Power and Light Company; 
structural design in reinforced concrete and steel, stress analysis, 
K. G. Structural Steel; advanced precision inspection, tool engi- 
neering, drafting, North American Aviation Company, ete. 


REGION NO. 17.—LOUISIANA, TEXAS 


LouIsIANA PoLYTECHNIC INSTITUTE E. C. 
Pre-employment training ...............sssseeee0. 30% 
Inservice training war workers .................+- 40% 


Inservice training nonwar workers ................ 
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Pre-employment and inservice nonwar workers who enter war 
work 65%. 

Of courses in engineering drawing 50% of men are inservice. 
Of ordnance inspection classes 100% employment is experienced 
by those completing courses (J. B. Beaird Co.). Physics courses 
place 80% of classes in teaching positions with the balance already 
employed. 
TULANE UNIVERSITY KE. C. P. M. 

All courses are part time courses, with 50% inservice trainees. 
60% of all trainees are in or entering war work. Training has been 
given to workers who have been employed by Avondale Marine 
Ways, The Celotex Corporation, Delta Shipbuilding Company, 
Dixie Machine Building and Metal Works, Equitable Equipment 
Company, V. M. Friede, Inc., Naval Architects, Higgins Industries, 
Johns Manville Corporation, Louisiana Shipyards, Inc., New Or- 
leans Public Service, Todd Johnson Dry Docks, and some 70 others. 


CENTENARY COLLEGE OF LOUISIANA C. M. 
Pre-employment training .................s.eee08: 25% 
Inservice training war workers .................... 50% 
Inservice training nonwar workers ................. 25% 


Approximately 50% of pre-employment and inservice nonwar 
workers enter war work upon completion of training. 

Of courses completed in industrial organic chemistry and chem- 
istry of explosives, about 60% were inservice trainees of whom 
25% have been advanced to more responsible work as a result of 
this training. The balance of 40% were all inservice nonwar 
workers and at least 30% of these immediately entered war work. 


Loyoua UNIVERSITY GC. 2. ae 
We have been making a serious attempt to have trainees in non- 
war industries change over to war industries with fair success. 


Pre-employment training ..................2.+.00: 26% 
Inservice training of war workers .................. 51% 
Inservice training of nonwar workers .............. 23% 


Of those taking pre-employment training or inservice training 
for nonwar workers, about 45% enter war industries. 


Texas CHRISTIAN UNIVERSITY C. P. M: 
Pre-employment. GEGEMIME «oc .n ccc cece eveceescs 63% 
FTES: RE: WN oo ie OnSite ihe 23% 
Inservice nonwar workers ...............eeeeeeeees 14% 


Of pre-employment trainees and inservice nonwar workers about 
45% enter war industries and 30% enter the armed forces. 
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As examples of trainees now employed, we quote the typical 
eases of key positions being held by two cost accountants with Con- 
solidated Aircraft and two Accountants with Globe Aircraft as a 
result of ESMDT training. 


AGRICULTURAL AND MECHANICAL CoLLEGE oF Texas’ E. C. M. 


Pre-employment training .................0e0eee8s 10% 

Tene WRN as i ee nk can edmses caewke ees 90% 

Not less than 90% of our trainees are already in war work, or 
secure employment in war work at completion of courses. So far, 
the program has trained over 1,000 workers in aircraft assembly 
plants, of whom 400 have been trained for the tool industry. State- 
ments given by North American Aviation Company, Globe Air- 
eraft, and Consolidated Aircraft are to the effect that the training 
rendered by our program has been invaluable. 


SouTHERN Metuopist UNIVERSITY E. C. M. 


We are beginning to find that the quality of students is grad- 
ually decreasing as more qualified persons are being drawn into 
industry without training. In the ESMDT program approxi- 
mately 3,000 persons completed our courses of whom 1,500 were 
inservice for war industries, and 1,500 pre-employed trainees. 
Over 60% of pre-employment trainees received employment with 
war industries upon completion of the course, and as the new war 
industries of our area open the balance are being assimilated. 


Texas COLLEGE OF ARTS AND INDUSTRIES E. C. 


Under EDT we offered two courses in engineering drawing and 
one in surveying, which trained 60 persons of whom 90% immedi- 
ately found employment in defense industries. 

Under ESMDT we offered courses which are typically illus- 
trated by: 

A safety course made up of persons who are personnel directors, 
safety engineers, and supervisors from the Naval Air Station in 
Corpus Christi, Southern Alkali Corporation and Shipyards at 
Rockport. 

A sewage plant operation course training 30 persons, of whom 
75% were sewage plant operators. 

Courses in fundamentals of radio training for telegraph, tele- 
phone and railroad companies. 

A natural gas cycling course training 40 persons employed by 
the Recycling Plants of this locality in connection with new prob- 
lems in production of aviation gasoline and butadiene. 
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About 75% of our work is inservice training and of those stu- 
dents not employed about 80% enter war work upon completion of 
the course. 


THE UNIVERSITY oF TEXAS E. C. P. M. 

Based upon our ESMDT enrollment of 3,200, we find inservice 
training under ESMDT represents 80% of training of which 95% 
were war workers, and pre-employment training at 20% of which 
85% enter war work. Of those who have taken training but have 
not entered war work, we find that most are in a line of work which 
is contributing indirectly to the war effort. 

The following companies, which are representative, constitute 
a partial list of our services to industry : 

North American Aircraft and Consolidated Aircraft, 350 
trained; Consolidated Steel Shipbuilding Division, 200 trained; 
Pan American Ship Yards, 100 trained; Houston Shipbuilding 
Company, 100 trained; Brown Shipbuilding Company, 25 trained; 
Hughes Tool Company, 25 trained; Duncan Field, Eighth Corps 
Area Air Depot, 85 trained; Pan American Refining Corporation, 
South Port Refining Corporation, Monsanto Chemical Co., Carbide 
and Carbon Chemical Corporation, Tin Processing Corporation, 
Republic Oil and Refining Company, 50 trained. 


Harpin-Srmmons UNIVERSITY C. M. 

‘*Out of 128 trainees to date eleven have been upgraded and five 
have entered war work who were not previously employed in war 
work.”’ 


Rice INSTITUTE = OU. 3 
Pre-employment tramine os. ee iene 5% 
Inservice training of war workers .................. 60% 
Inservice training of nonwar workers ............... 35% 


Of inservice trainees in nonwar work, at least 60% enter war 
work upon completion of the course. Trainees are employed for 
the most part by oil companies, tool companies, shipbuilding com- 
panies, and optical glass manufacturing companies. We have 
supplied a few women trained in our mathematics course and in 
our drafting course to the Dixon Gun Works, the Stanoline Oil 
Company, and the Wyatt Metal and Boiler Works. 


NortH Texas State TEACHERS COLLEGE C. P. 
Persons taking courses are teachers, prospective teachers, chem- 
ists, graduate chemists and laymen with college degrees, wishing to 
enter teaching or chemical work. All training is pre-employment 
and of those trained 20% will probably enter war work and 80% 
will enter the teaching profession. 
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REGION NO. 18.—COLORADO, WYOMING 


UNIVERSITY OF WYOMING E. C. P. M. 

About 65% of trainees are inservice nonwar workers, and 35% 
are inservice war workers. Of these who are not war workers at 
the time of training, over 90% enter war work upon completion of 
the course. 


CoLoraDo ScHooLt or MINEs E 


During the past fiscal year the ESMDT program served the fol- _ 


lowing industries and firms: 

225 trainees for the steel industry. 

83 trainees for the Remington Arms Co. 

73 trainees for 25 companies in the fuel and petroleum indus- 
tries. 

62 trainees for construction industries. 

98 trainees for aircraft and ship industries and 340 trainees for 
miscellaneous war industries. 

About 30% of trainees are in the pre-employment group, 62% 
inservice for war workers, and 8% inservice for nonwar workers. 
Of these pre-employment trainees and inservice nonwar workers, 
about 50% enter war work. 


CoLOoRADO STATE COLLEGE E. C. 

Persons taking training are about 25% women and the balance 
are men over 45 years of age. All classes are pre-employment train- 
ing, and about 75% of trainees enter war industries upon com- 
pletion of training. Trainees have entered airplane companies, 
Remington Arms, and other war industries. 


UNIVERSITY OF COLORADO E. C. P. M. 

About 50% of trainees were in war industries at the completion 
of courses and at least 50% of those remaining were estimated as 
employed in war industries within three months after completion 
of the courses. 


REGION NO. 19.—ARIZONA, NEW MEXICO, SOUTHERN 
CALIFORNIA, TEXAS 


UNIVERSITY OF ARIZONA E. C. P. 
Courses have not been arranged under ESMDT unless positive 
information was available that graduates were needed for war 
work, resulting in at least 90% of placement. 
Individual letters from trainees indicate the extent of upgrad- 
ing they have received such as one from Mr. Jaaschke, who writes 
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that he had done so well with Consolidated Aircraft in stress 
analyses that he had been transferred to the new plant of that 
company at Fort Worth and placed in charge of such work there. 

Our trainees enter many war industries. Of trainees from the 
first course in structural drafting and design, one is designing loco- 
motives for the Santa Fe Railroad, one is with Phelps Dodge as a 
designer, one is with Copper Mining Company, three are with 
Allison Steel Company which is furnishing steel for the Goodyear 
Aircraft Corporation ; another is designing structures for our mili- 
tary forces in Honolulu, ete. 


UNIVERSITY OF SOUTHERN CALIFORNIA E. C. P. M. 

About 90% of trainees are war workers taking inservice train- 
ing, 7% nonwar workers taking pre-employment training and 3% 
nonwar workers taking inservice training to fit them for war work. 
Although certain classes of nonwar trainees reach 100% entry into 
war work at completion of courses, the average is about 50%. 

Specific courses have been planned and conducted for local 
large aircraft companies such as Douglas, North American, Lock- 
heed, and Vega. Other companies for whom specific training has 
been offered include the California Shipbuilding Corporation, Alu- 
minum Company of America, the Hard Chrome Engineering Com- 
pany, and a number of petroleum companies. 

A letter from R. O. Cragin, Lt. Col., Ordnance Department, 
Acting Assistant Deputy District Chief, War Department, Los 
Angeles, California, says: 

‘*The first class of Ordnance Inspector trainees has been on the 
job for a little over a month. Please be advised that every 
comment about them has been favorable. Every man, without 
exception, has made a good impression upon the Inspectors in 
Charge, who were satisfied with the trainees’ knowledge of gages 
and their uses. It has also been noted that they excel in paper 
work. At least a few members of this class have already been 
placed in key positions where advancement is assured. They 
have in many eases proven themselves superior to some of the 
older arsenal trained inspectors. 

‘‘This office wishes to thank you and your staff for your con- 

tinued efforts, and to advise you that the results have shown 

that the school is being conducted in an excellent manner.’’ 

And from E. F. Savage, Vice President in charge of produc- 
tion, Electrical Development Company : 

‘**T wish to express appreciation of your efforts in assisting me 
and seven members of our organization in your very beneficial 
training program. 























ne 
al 











AND MANAGEMENT DEFENSE TRAINING PROGRAM 349 





‘‘Results accomplished by training have been most beneficial in 
bringing about smooth and efficient functioning of the various 
departments in our organization. The changes have been so 
marked that I feel called upon to report this progress to you.”’ 
Also: 

‘‘Three men at the Texas Company and one at the General Pe- 
troleum Corporation who are students attending the Map Draft- 
ing course have received substantial pay increases, attributed 
to progress from their participation in the course.’’ 


CALIFORNIA INSTITUTE OF TECHNOLOGY E. C. P. 

A recent check of our employment record shows that 87% of 
those who received certificates in our production illustration course 
at Cal Tech are now working in aircraft plants and are actually in 
work which utilizes this special training received in this course. 
Less than 10% of these were previously employed in war industry. 


REGION NO. 20.—UPPER CALIFORNIA, UTAH, NEVADA 


UNIVERSITY OF SanTA CLARA . E. C. M. 
75% of trainees are inservice war workers. 
15% of trainees are inservice nonwar workers. 
10% are pre-employment trainees. 
No one industry in this locality has been large enough to war- 
rant special classes, although many smaller industries are served. 


STANFORD UNIVERSITY E. C. P. M. 
Most trainees are already engaged in war industries, and train- 
ing has been directed toward upgrading or more efficient execution 
of their regular work. The full time courses have also been largely 
taken by men from war industries, but the new full time courses 
for women are pre-employment. All courses are planned with 
close consideration for specific needs of industry and the armed 
forces, and a number of more advanced courses are given at the 
specific request of Government agencies or industrial plants. 


UNIVERSITY OF CALIFORNIA E. C. P. M. 

For the Berkeley area 10,000 trainees entered 246 courses and 
of this number about 3900 completed the courses satisfactorily and 
received grades. About 41.5% of these trainees were women. En- 
gineering courses represented 61% of the enrollment, Management 
courses 24% and Science courses 15%. 

Of a questionnaire mailed to ESMDT trainees replies indicate 
that 72% of trainees are now employed as war workers, 12% of 
trainees are employed by Government agencies, and 4% are with 
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the armed forces; 9% are employed by state or local government 
agencies or by nonwar industries, and 3% did not reply to the 
questionnaire. 

82% of trainees say that training helped them to do better 
work, 61% have had increased responsibility, 27% have had an in- 
crease of pay and 18% have secured a new job as a result of train- 
ing. 

Since this survey was based upon persons completing class satis- 
factorily, it will probably include a lower percentage of job changes 
and promotions than will be found for the total trainee group, be- 
cause a change of job is most frequently reported as the reason for 
not attending class sessions. Many students have suggested new 
courses for which they feel the need. 


Utran State AGRICULTURAL COLLEGE E. C. P. 


Most trainees are inservice nonwar workers who enter war work 
upon completion of courses. 


UNIVERSITY oF UTAH KE. C. P. M. 

Full time students in drafting and surveying are rapidly ab- 
sorbed, very frequently before completing training; many courses 
result from workers in war plants who petition for courses; and 
there are many others which are pre-employment. 

Four courses in explosives, all with sections at both Salt Lake 
and Ogden, have upgraded and trained 150 men for shell loading 
plants at Hill Field and the Remington Arms Company. A large 
percentage have received promotions due to training received. 
The course in heat treatment and shaping of metals was given to a 
group of 23 foremen at Remington Arms who requested the course. 
Also by request of employees of the Columbia Steel Corporation 
a course in metallurgy of iron and steel was given. Numerous 
other examples could be cited. 


REGION NO. 21—WASHINGTON, OREGON, IDAHO, MON- 
TANA 


UNIVERSITY OF WASHINGTON E.C. P. 


All of the courses we have offered have been of inservice type, 
mostly in war industries and at least 90% of all trainees are em- 
ployed in war work after completion of the course. The exceptions 
are principally radio training, ultra-high frequency techniques 
training, and office management for women, which have been pre- 
employment and which have had substantially all trainees em- 
ployed. 
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Examples of specific services which have been rendered include 
1000 employees trained for specific duties at the Bremerton Navy 
Yard and 2000 persons trained for Boeing Aircraft. 

One unusual instance of results reported from a company has 
been in the profits accuring from the very reduced insurance prem- 
jums made possible by improved safety conditions at the plant 
which resulted from safety training of supervisors and foremen. 


OREGON STaTE COLLEGE E. C. P. 
Practically all of our trainees have been inservice shipyard 
workers. 


Montana StaTeE COLLEGE E. C. P. 

24 trainees completing the engineering drawing and design 
course received 80 offers of employment from aircraft and ship- 
building companies located in Minnesota, California, Washington, 
and Oregon. This is typical of the demand. 

Of two other courses in the same subject, 49 trainees accepted 
employment as follows: War industries 31, armed forees 5, and 
Civil Service 13. Total enrollment was 63, indicating 78% com- 
pleted the course satisfactorily. 


Montana ScHoou or MINEs E. 

Inservice mine safety course given in ESMDT to senior execu- 
tives was notable success, with 100 enrollments and demands for 
repetition. 





MINUTES OF MEETING OF ADMINISTRATIVE 
OFFICERS 


(Continued from page 317) 


should be given a year’s college credit for any 32 weeks consecutive 
curriculum. 

A suggested N. Y. U. curriculum is also appended indicating 
what it is believed could be done in an Arts College which is estab- 
lished in a university having an engineering college. 

The proposals submitted are all of them suggestive in character. 
There is no ‘‘best’’ curriculum, but it is hoped that discussion of 
these will result in some authoritative suggestions which may be 
received favorably by the government agencies likely to be con- 
cerned with setting curriculum outlines under new directives. 






























REPORTS OF CONFERENCES 


Chemical Engineering.—The program consisted of two tech- 
nical conferences, a luncheon business meeting and a dinner meet- 
ing. With a total registration of 57 delegates from 28 different 
institutions and 4 companies, and an average attendance of 38 
members, the meeting was a source of much helpful information 
as well as inspiration to the teachers of chemical engineering. In- 
formal visits to the chemical engineering laboratories of colleges in 
the New York metropolitan area was an added feature of the 
meeting. 

At the annual dinner meeting, S. D. Kirkpatrick, president of 
the American Institute of Chemical Engineers and Editor of Chem- 
ical and Metallurgical Engineering, spoke on ‘‘The Chemical Engi- 
neer in the Present World Crisis.’’ Mr. Kirkpatrick emphasized 
the need for technically trained manpower on the production 
front. He pointed out that our enemies have recognized the role 
of technology both in war and in peace and that this struggle may 
be won by the side that is ‘‘technologically fittest.’’ 

- Following the luncheon on Saturday, June 27, the annual busi- 
ness meeting of the division was held with chairman J. C. Whitwell 
(Princeton) presiding. There were 43 members present. The 
reading of the minutes of the previous meeting was dispensed with, 
in as much as the secretary’s report had been published in the 
JOURNAL OF ENGINEERING EpvucatTIon, 32, 258, 1941. 

The treasurer reported an increase in the funds of the division, 
after expenses had been deducted, which was made possible by the 
sale of reprints from the Ann Arbor Meeting. The treasury bal- 
ance as of June 1942 was $62.80. No special assessment of mem- 
bers was recommended for the coming year. 

Chairman Whitwell’s report summarized the year’s activities, 
chief of which was the organization and arrangement of the pro- 
gram for the annual meeting. Appreciation was expressed to all 
officers, speakers and committee members for their contribution to 
the division’s progress during the year. 

Standing committee reports were as follows: 

The publications committee, R. Norris Shreve (Purdue) chair- 
man, reported the publication of four papers, including the secre- 
tary’s annual report, in the JouRNAL or ENGINEERING EDUCATION. 
It was suggested that contact be made with the Journal of Chemical 
Education, as well as the American Institute of Chemical Engineers 
for more extensive publication of the papers of the division. 
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Chairman Vilbrandt (V. P. I.) requested that the symposium 
of the present meeting be accepted as the report of the Committee 
on Safety. 

The report of the Unit Process Committee; R. Norris Shreve 
(Purdue) chairman, stated that the work of the committee con- 
sisted in trying to arrange for a Unit Process Symposium at the 
Buffalo Meeting of the American Chemical Society in September, 
1942. 

The Unit Operations Committee as well as the Committee for 
Revision of the Constitution was quiescent during the year. 

W. W. Hodge (West Va. U.), chairman of the program topics 
committee, reported that requests for more papers on Colloids and 
Kinetics had been received and asked that additional suggestions 
be mailed to the chairman elect. 

As provided by the constitution, the nominating committee, con- 
sisting of past chairmen of the division, was appointed by the 
chairman. 

A committee composed of co-chairmen R. A. Morgan (U. of 
Fla.) and T. Stephen Crawford (Rhode Island State) was in- 
structed to prepare suitable resolutions of the meeting. 


PAPERS AND DISCUSSION 


Saturday Afternoon, June 27. Columbia University. 
A. ‘‘Safety Symposium.”’ 
Myron A. Snell (Hartford Accident and Indemnity Co.), 
‘*Safety in Industry.”’ 
M. M. Braidech (Case School of Applied Science), ‘‘Indus- 
trial Hazards.’’ 
C. O. Miller (Case School of Applied Science), ‘‘Safety 
Instruction in the Chemical Engineering Laboratory.’’ 
B. Wm. Ringler (Princeton University), ‘‘An English Pro- 
fessor Looks at Engineering Reports.’’ 
C. <A. W. Deller (Patent Attorney and Chemical Engineer, 
New York City), ‘‘ Patents and the Chemical Engineer.’’ 


The Chemical Engineering Division was weleomed to Columbia 
University by A. W. Hixon (Columbia) who reviewed the history 
of chemical engineering at the university and extended an invita- 
tion to visit the. laboratories and the Chandler Museum. In his 
response, Chairman Whitwell expressed the gratitude of the divi- 
sion and introduced F. C. Vilbrandt, chairman of the Safety Com- 
mittee, who presided at the session. 

Opening remarks by Vilbrandt emphasized the need for safety 
instruction and precautions by quoting figures of 18,000 killed and 
70,000 workers permanently injured in 1941 industrial accidents. 






| 
| 
| 
| 
| 





















354 REPORTS OF CONFERENCES 


In a most comprehensive paper, Myron A. Snell (Hartford Acci- 
dent and Insurance Co.) pointed out that industrial accidents in 
1941 resulted in a direct loss of $850,000,000—enough to build 12 
battleships of the North Carolina Class, not to mention the human 
suffering involved. After reviewing the rise of the accident pre- 
vention movement, Mr. Snell presented a series of tables showing 
the most common causes of industrial accidents. These tables listed 
dangerous chemicals and summarized data on limits of flamability 
of gases and vapors as well as safe concentrations of certain toxic 
substances used in industry. 

Speaking on the subject of ‘‘Industrial Hazards,’’ M. M. Brai- 
dech (Case) called attention to the fact that overcrowded plants 
and accelerated production schedules, together with a lack of safety 
instruction leads to a situation wherein good American citizens may 
virtually become ‘‘Sixth Columnists.’’ The chemical engineer was 
pictured as being a two-fold benefactor to industry, serving not 
only to make industry more profitable, but also to make working 
conditions safer and more tolerable for employees. Case histories 
were cited where negligence and ignorance resulted in industrial 
hazards. 

The lack of a definite safety training program in engineering 
colleges was pointed out by C. O. Miller (Case), who recommended 
that safety instruction be made an integral part of all plant design 
courses. It was further suggested that a number of chemical engi- 
neering students with special qualifications be encouraged to enter 
the field of Safety Engineering by providing optional training in 
bacteriology in the senior year. Methods of making the student 
‘*Safety Conscious’’ were discussed and a list of suggested labora- 
tory regulations was presented along with a list of references. 

In the general discussion which followed, J. H. Koffolt (Ohio 
State) suggested that a weekly inspection of first-aid kits by in- 
structors should become standard procedure for the chemicai engi- 
neering laboratory. It was also stated that experience has shown 
that fewer errors and accidents occur in well kept, freshly painted 
laboratories, hence a regular painting schedule was recommended. 

R. E. Vivian (So. Cal.) expressed the opinion that an insuf- 
ficient knowledge of antidotes often leads to serious consequences. 
Typical cases cited were those of hydrogen fluoride, fluosilicie acid, 
hydrogen sulfide formed by the reaction of two relatively harmless 
chemicals, and the brown fumes of nitric acid. 

M. M. Braidech (Case) then showed pictures of fractured gas 
storage cylinders which had been restored ‘‘a la jig-saw puzzle,”’ 
and related the case histories involved and pointed out the causes 
of failure. Mistaken decimal points often lead to accidents as at- 
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tested by a fractured coal combustion bomb into which potassium 
chlorate, ten times in excess, had been charged by a student. 

With regard to engineering reports, Wm. Ringler (Princeton) 
offered the suggestion that primary difficulties resulted from ver- 
bosity and inaccurate choice of words. For a perfect engineering 
report, he recommended the maximum in conciseness, which might 
be termed ‘‘literary nudism.’’ The speaker discussed grammatical 
and spelling errors, concluding that their correction is not the prov- 
ince of the engineering teacher although the latter may be of assist- 
ance. Corrective recommendations were offered. 

In reviewing the history of patents, A. W. Deller (Columbia) 
ealled attention to the fact that since 1879 patents had been 
granted which led to the formation of 15 major industries and 15 
million new jobs. Today companies are spending about 4 per cent 
of the gross expenditure for research, in hope of securing patent 
protection for new products. It was emphasized that engineering 
students should be given practice in preparing specifications, and 
listing claims, as well as becoming familiar with the official Gazette 
of the Patent Office. Due to the late hour, the discussion was 
postponed. 


Monday Morning, June 29. Brooklyn Polytechnic Institute. 


J. H. Rushton and H. C. Hesse (University of Virginia), 
‘Chemical Engineering Equipment Design.’”’ 

V. I. Komarewsky (Ill. Inst. of Technology), ‘‘Teaching of 
Catalysis.’’ 

E. A. Hauser (Massachusetts Institute cf Technology) ‘‘ Colloid 
Chemistry in Chemical Engineering Courses.’’ 


The division was weleomed to Brooklyn Polytechnic Institute by 
D. F. Othmer on behalf of the Borough, the ‘‘Dodgers’’ and the 
College. An invitation was extended to visit the laboratories. 
Vice-Chairman Hodge (West Va. U.), presiding at the meeting, 
responded and, after suitable introductory remarks, introduced the 
first speaker, J. H. Rushton, who presented a paper on chemical 
engineering equipment design. Attention was called to the fact 
that present day texts and courses in strength of materials and 
machine design were intended chiefly for mechanical and civil engi- 
neers, with no reference to autoclaves, heat exchangers and other 
equipment used by chemical engineers. A course was then de- 
scribed which included laboratory exercises planned especially for 
students in chemical engineering. 

In his paper ‘‘Teaching of Catalysis,’’ V. I. Komarewsky (lIIl. 
Tech.) pointed out that the War has sharply emphasized the vital 
significance of catalysis in the mass production of explosives, avia- 
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tion fuel, synthetic rubber and many other materials required by 
the armed forces. A complete outline was then presented for a 
course in Industrial Catalysis, along with a list of references. Pic- 
tures were also shown of equipment used both for instruction and 
research. 

Ernst A. Hauser then reviewed the development of colloidal 
chemistry at M. I. T., showing how the subject fits into the chemical 
engineering curriculum. The contributions of colloidal chemistry 
to industrial processing were emphasized with particular references 
to paper manufacture, ceramics, water purification and plastics. A 
new method of teaching the subject was explained in which an ex- 
periment was performed in front of the class, after which the 
student must offer a written explanation of the phenomena observed. 

In the general discussion which followed, R. C. Kintner (Ill. 
Tech.) called for more codperative papers between the chemical 
engineers and members of other divisions of the Society. R. E. 
Vivian (So. Cal.) inquired whether the practice of using part-time 
lecturers from industry had proved successful. J.C. Olsen (Brook- 
lyn Polytech.) replied that it had been found to be very successful 
in his department. T. S. Crawford (Rhode Island State) ex- 
pressed the opinion that those in charge of the administration of 
smaller colleges were not in sympathy with specialized courses for 
various branches of engineering, nor were they sufficiently well 
staffed to carry out such a program. R. A. Morgan (U. of Fla.) 
explained that the same lectures could be given to all students in 
drawing and machine design courses, and that different problems 
might be assigned for drawing board work, which would require 
no increase in teaching personnel. E. A. Hauser (M. I. T.) stated 
that instruction in colloids should preferably be given after the 
Unit Operations work. 

The meeting adjourned to the Marine Roof of the Hotel Bossart 
for luncheon after which informal visits to the chemical engineer- 
ing laboratories of various engineering colleges in the vicinity were 
held. 

The resolutions committee composed of R. A. Morgan (F'la.) 
and T. Stephen Crawford (Rhode Island State) presented the fol- 
lowing resolutions which were unanimously adopted : 


Be it resolved that we, the members of the Chemical Engineering Divi- 
sion of the Society for the Promotion of Engineering Education, unani- 
mously express our gratitude to all those who have given so generously of 
their time and effort, particularly in the stress of these war days, in making 
the Fiftieth Annual Meeting of the Society a success. 

We particularly wish to thank our hosts: Brooklyn Polytechnie Insti- 
tute, The College of the City of New York, Columbia University, The 
Cooper Union, Manhattan College, Middle Atlantic Section, Newark Col- 
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lege of Engineering, New York University, Pratt Institute, Princeton Uni- 
versity, Rutgers University, Stevens Institute of Technology, Webb Insti- 
tute of Naval Architecture, and all those who assisted in the preparation 
of the program and in making the arrangements for the meeting. We espe- 
cially thank those who presented papers and discussions at the Conferences. 

Be it further resolved that we, the members of the Division, express our 
gratitude to the Officers of the Division who so ably carried on their duties 
despite the heavy burdens of present day conditions. 


The division’s nominating committee presented the following 
slate of officers for the year 1942-1943. 


Chairman—J. C. Elgin (Princeton) 
Vice-Chairman—C. O. Miller (Case School of Applied Science) 
Vice-Chairman—R. A. Morgan (University of Florida) 
Secretary-Treasurer—E. M. Schoenborn (University of Delaware) 


These nominees being unopposed, the secretary was instructed 
to cast one ballot for the slate. 
Respectfully submitted, 
CuarK O. Mier, Secretary-Treasurer. 


The Civil Engineering Division had two meetings at the New 
York Convention of the Society, one a joint session with the Com- 
mittee on Engineering Economy, and the other a business session 
at New York University. At the joint session the following papers 
were read: 


1. ‘‘Eeonomics and Engineering Education,’’ J. K. Finch, Ren- 
wick Professor of Civil Engineering in Columbia University. 

2. ‘‘Some Factors Involved in Initiating an Economic Study,’’ 
H. li. Meyer, of Sanderson and Porter, New York. 

3. ‘Possible Economies Effected in the Design and Erection of 
Steel Structures,’’ H. S. Houghland, Bethlehem Steel Com- 
pany, New York. 


Professor L. E. Conrad, of Kansas State College, presided, and 
there were thirty-three in attendance, including the venerable and 
venerated C. Frank Allen, who took an active part in the discus- 
sions. 

The session at New York University on June 29 was attended 
by twenty-six. Colonel L. S. Le Tellier, The Citadel, presided and 
Professor J. R. Shank, of Ohio State University, acted as secretary. 
Routine business was transacted, committee reports heard, and the 
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Chairman ....... L. S. Le Teuurer (1944), The Citadel 
Secretary ....... H. E. Davis (1943), University of California 
P| Se aati nae D. S. Trowsripce (1945), New York University 


Past Chairman ..J.8S. Dopps (1943), Iowa State College 
Executive Com- 
mittemen ..... C. A. Mockmore (1944), Oregon State College 
H. E. Putver (1945), University of Wisconsin 


The business meeting was followed by a most interesting paper 
and demonstration on visual aids in engineering education by As- 
sistant Dean Bryans and Professor Gus of New York University. 
At the conclusion of meeting inspection trips were made to the 
university laboratories, including the new sanitary laboratory. 
Adjournment followed a luncheon meeting at the University Com- 
mons. Arrangements for the sessions were made by Professors 
Trowbridge and Rose of New York University and a ladies’ com- 


mittee headed by Mrs. Trowbridge. 
L. S. Le TELuiEr, 


Chairman 


Comprehensive Examinations.—The principal work of the 
Committee for the past year was allocated to two subcommittees: 
the first, under Professor Olmsted, to investigate the possibility of 
codperation between the Committee and the various state examining 
boards that license engineers; the second, under Professor Bibber, 
to carry on the development of objective-type examinations, with 
special attention to the possibility of codperation with the United 
States Civil Service Commission. Substantial progress was made 
towards the first objective, largely by means of a questionnaire 
circulated among the state boards by Mr. Svensen, Secretary of 
the Texas State Board of Registration for Professional Engineers, 
and Chairman of the Subcommittee on Written Examinations of 
the National Council of State Boards of Engineering Examiners. 
Little was accomplished towards the second objective, owing to the 
preoccupation of members of the subcommittee charged with that 
work with more pressing matters. 

Early in the fall, the Committee had the misfortune of losing 
one of its members by the death of Dean Carpenter. Mr. Svensen 
was appointed to succeed Dean Carpenter. 

The scheduled conferences of the Committee for the annual 
meeting were canceled, because the members agreed that the work 
of the committee was not vital to the war effort, and because all but 
two members were unable to attend the meeting, owing to other 
pressing duties. A few persons interested in the committee prob- 
lems met informally at lunch on June 27, 1942. 
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At the meeting of the Executive Council on June 29, 1942, the 
petition of the Committee for status as a Division was denied, but 
an alternative petition for organization as a permanent committee 
was not considered. The Committee hopes that eventually some 
plan for permanent committee status can be worked into the general 
organization of the Society, perhaps as a subsidiary committee to 
a Division on Instructional Methods, as was informally suggested 
at the meeting of the Executive Council. Though under present 
circumstances of war, too few men free from more pressing duties 
are likely to be available to continue the work of the Committee on 
a very active basis, the Committee hopes also that until a perma- 
nent plan is accepted, sufficient continuity of membership may be 
retained to hold the gains and to keep pointed in the direction estab- 
lished during the past few years. 

H. W. Brsser 

W. E. How.anp 

C. V. Mann 

C. T. OLMsTED 

C. L. SvVENSEN 

W. C. Wuite 

P. A. WiILuIs 

G. S. TrmosHENKO 

R. H. Frazier, Chairman. 


The conference on Co-operative Engineering Education con- 
vened in Columbia University, June 27, 1942, Dean R. L. Langen- 
heim presiding. The reading of the minutes of the previous meet- 
ing was dispensed with. After commenting on the theme of the 
conference the chairman introduced Professor C. W. Park of the 
University of Cincinnati, who addressed the conference on the topic 
‘‘The Genesis of the Codp Idea.’’ 

Professor Park dwelt briefly on the life of Dr. Herman Schneider 
to indicate the influence which his own training probably had on 
the origin of the Codperative Education idea, and how he became 
impressed through part time work early in his college career that 
an accuracy of 70% would not satisfy the practical needs of engi- 
neering performance in the world of work. Furthermore, the 
helpful guiding influence of an interested employer made possible 
the acquisition of knowledge and training that was an invaluable 
inspiration to learning. Typical of this employer’s influence and 
interest were a favorite quotation that ‘‘ Architecture is the Orna- 
mentation of Construction and not the Construction of Ornamen- 
tation’’ and such questions as ‘‘ Well, son, what did you learn this 
week?’’ Reflection upon his college course recalled that even his 
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youthful labor had been of some help in connection with his studies. 
The codperative idea was conceived by Dr. Schneider while serv- 
ing on the instructing staff of the "Iniversity of Cincinnati. The 
development of that idea has long been an historical record, credit 
for which is rightfully attributed to Dean Schneider. The in- 
dustrial leaders of today who are codperative college graduates 
pay high tribute to this type of college training and to the vision 
of its founder and the pioneer industrialists who were willing to 
experiment with it. Following Dr. Park’s paper it was recom- 
mended that it be published in the S. P. E. E. Journat. 

The chairman appointed a committee consisting of Messrs. 
Gowdy, Eshbach, and McDaniel to nominate a chairman for the 
ensuing year. : 

Mr. McDaniel was introduced, who spoke without manuscript. 
Among other points he emphasized that current developments have 
brought out the extraneous values of the codp plan in the most 
forceful manner and that formal education per se can be consid- 
ered as only a very small factor. One value of industrial relations 
training is most helpful and nothing is more critically important 
today. The codperative student gets this in the natural way of 
experience while an undergraduate and when beginners’ tasks are 
less objectionable. The counsel and guidance of the Coérdinators 
are an especially important factor at all times but especially today 
because of the numerous opportunities for using codps on super- 
visory work and because of recent growth of union labor control. 
Students learn all about unions and are indoctrinated with new 
ideas. The Codrdinator now steps in and becomes a stabilizing 
influence. No engineering student is better fitted for immediate 
service in the War industries of today than is the codp trained 
man. 

Discussion which followed contrasted the accelerated program 
as being the antithesis of the codp idea and emphasized that codp 
training is actually serving industry now while acceleration of 
other programs deprives students of summer work experiences and 
deprives industry of their vacation services. More discussion cen- 
tered on the accelerated programs with particular reference to 
Navy V-1 and Army ERC plans. 

Nominating committee presented the name of Dean Langen- 
heim as nominee for chairman of the section for the ensuing year 
and he was unanimously elected. The chairman requested that 
Mr. Nightingale serve as Secretary for another year. 

Meeting adjourned at 4:16 p.m. 

W. E. NiegHtTinGae, Secretary 
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Electrical Engineering.—On Saturday, June 27, Col. Frank C. 
Meade delivered a paper on ‘‘E. 8. M. D. T. Courses on Ultra-High 
Frequency by the Armed Forces’’ and Captain James 8S. Vaughan 
read a paper on the ‘‘Need of Trained UHF Men and Plans for 
Procurement.’’ These papers were confidential and will not be 
published. There were about 70 members present and an ex- 
tremely lively and interesting discussion resulted. 

The dinner meeting was held at 7. p.m. with about 60 present. 
Dr. Harvey N. Davis of the Stevens Institute of Technology was 
the speaker on the subject ‘‘ After This War, What.’’ Election of 
officers took place at this meeting with the following results: 


Chairman—M. S. Coover, Iowa State College 
Vice-Chairman—Morland King, Lafayette College 
Secretary—K. F. Calvert, Northwestern University 


Since the meeting Professor Calvert has declined election as sec- 
retary and in his place Professor Arthur D. Moore, University of 
Michigan, has consented to serve as secretary. 

At the Monday morning session at Pratt Institute about 60 
were present and the following papers were delivered. ‘‘ Experi- 
ences in Teaching and Supervising E. 8. M. D. T. Courses,’’ Joseph 
Weil, University of Florida, and Carl Chambers, University of 
Pennsylvania. Professor M. A. Faucett, University of Illinois, 
took part in the discussion and C. W. Caldwell, Purdue University, 
unable to be present, sent his written discussion. The second paper 
was delivered by S. G. Lutz on ‘‘Better Trained Communication 
Engineering. ”’ 

The conference meetings ended with a joint luncheon with the 
Chemical Engineering Division at the Hotel Bossert, Brooklyn. 

Moruanp Kina, Secretary. 


There were two important Engineering Economy conferences 
scheduled for the New York meeting—one to be a joint meeting 
with the Civil Engineering Division and one to be a joint meeting 
with the Industrial Engineering Division. Shuffling of speakers 
due to war demands upon the personnel appearing on the planned 
programs and shuffling of meeting times for the two conferences 
forced by changes in the plans for the whole annual meeting, re- 
sulted in a confusion that was regrettable. Your Chairman was 
unable to be present and at the last minute Professor Dodds, Chair- 
man of the Civil Engineering Division found he could not attend. 
The result was that our joint session with Civil Engineering had 
to organize itself and proceed in spite of the difficulties that are 
inherent in such a situation. Professor L. E. Conrad was finally 
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prevailed upon to guide the meeting as Chairman. The attendance 
was between 30 and 40, and, except for the confusion described, 
it is certain that a successful conference was the final result if 
comment concerning the able chairmanship of Professor Conrad 
and the high quality of the papers given by Professor Finch of Co- 
lumbia University, Mr. H. H. Meyer of Sanderson & Porter, Engi- 
neers and Constructors, New York City, and Mr. H. S. Houghland 
of Bethlehem Steel Company, New York City, is indicative. 

The joint conference with the Industrial Engineering Division, 
for reasons already given above, was reduced to a single, but im- 
portant speech by Mr. L. W. Wallace, Vice President, The Trundle 
Engineering Company of Cleveland, Ohio. Mr. Wallace’s speech, 
in rearranging programs, was forced into direct competition with 
the Engineering Economy Conference held jointly with the Civil 
Engineering Division. This served as a basis for considerable 
complaint from those who wished to attend both conferences. We 
hope such confusion will not have to happen again. As always, 
Mr. Wallace came with an important message which it is only to be 
regretted could not have been heard by even a larger audience. 

In spite of war, disorganization of plans and to some extent of 
the meetings themselves, reports from these conferences are favor- 


able and we believe accomplished much that was worth while. 
E. D. Ayres 


The first session of the English Division, a joint conference 
with Engineering Libraries, was called to order at 2:00 P.m., on 
Saturday, June 27, 1942, Columbia University, by W. F. Scamman, 
University of Maine. About 30 persons attended. 

The main paper, ‘‘English Courses and the Technology Li- 
brary,’’ was presented by John B. O’Farrell, College of the City 
of New York. 

Assuming that the library in a technical school is among other 
things the laboratory of the English department, Mr. O’Farrell 
went on to stress the necessity of close codperation between the two 
agencies. 

The English department should time their assignments to facili- 
tate library service to the students; should modify assignments if 
necessary ; and should make certain that the library is prepared to 
meet the demands of the assignments. 

Librarians, on the other hand, should acquaint themselves 
with the library needs of the various courses; should make sure 
that the libraries are equipped to supply the needs for class work 
before developing research collections; and should in all ways 
seek to secure instructors’ codperation in codrdinating the library 
service with classroom instruction. 
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The discussion of this paper was led by E. C. McClintock, Uni- 
versity of Virginia. Among those who participated in the dis- 
cussion were Harriet P. Peck, Rensselaer; the Reverend Daniel 
P. Falvey, Villanova; Enid Hawkins, Stevens Institute of Tech- 
nology; and J. L. Vaughan, University of Virginia. 

At this meeting a petition requesting that the status of the 
Committee on English be changed to Division of English was en- 
dorsed and forwarded to the Council. 

The Dinner Meeting of the English Division was held at 7:00 
p.M., Saturday, June 27, in John Jay Dining Hall, with the secre- 
tary presiding in the absence of the chairman, Dean O. J. Fer- 
guson. 

The speaker, John J. O’Neill, Science Editor, the New York 
Herald-Tribune, spoke on ‘‘Expression as an Engineering Tech- 
nique.’’ 

Since, according to the speaker, every piece of writing is an 
experiment in communicating knowledge, we should adopt fune- 
tional principles of design in formulating our written expressions, 
which although utilitarian must include esthetic consideration. 
Indeed, ‘‘a slovenly designed and constructed sentence is an un- 
safe container of knowledge.”’ ; 

Mr. O’Neill went on to stress the need for exact knowledge be- 
fore writing, which will give the writer the self-assurance neces- 
sary for clear, forceful expression. 

Every piece of writing must have a reason for its existence, 
must be nurtured by specific data and information, and be built 
out until it makes ‘‘an interlocking fit with all other contributions 
of knowledge with which it will make contact.’’ 

The writer expressed his belief that ‘‘there is an emotional fac- 
tor involved and that the subconscious plays as important a part 
as the conscious realm of our mentality in producing an article 
against a fixed time deadline.’’ To establish his point, the speaker 
drew examples from his experience of the last ten years, during 
which he has averaged more than 300,000 words a year in writing 
scientific articles and items. 

An hour’s general discussion followed the address. 

The last meeting of the Division was called to order by W. Otto 
Birk, University of Colorado, Monday, June 29, at Cooper Union. 
Dr. Edwin S. Burdell of the Cooper Union welcomed the members 
of the conference. 

The first paper, ‘‘The College Student’s Reading Problem,”’ 
was presented by Ernest R. Wood, Department of Education, New 
York University. Professor Wood first presented typical cases to 
show that the very serious problem exists arid that it can be met. 
Diagnosis and remedial work are both necessary in helping the 
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student solve his problem. In diagnosis, the following factors 
must be taken into consideration: (1) physical condition; (2) the 
part played by intelligence (the slow reader is generally penalized 
in tests; hence the results of intelligence tests must be taken with 
caution) ; (3) aptitudes (find out what the student can do); (4) 
achievements (find out what the student has done well); (5) so- 
cial and emotional adjustments (study his experiences to discover 
if, for example, a feeling of social inferiority is involved) ; (6) work 
and study habits (does he fumble in getting a book in the library, 
what is his schedule of work, what are his eating habits); (7) in- 
terest; (8) accomplishments; (9) aspirations; (10) attitudes (phi- 
losophy of life) ; (11) home conditions; and (12) school history. 

In helping the student solve his reading problem, the speaker 
suggested that such subjects as the following should be studied: 

(1) what can the medical man do to help the student; (2) what 
can be done about such emotions as fear of failure and fear of 
war; (3) how can the student be taught to compensate when an 
adverse condition cannot be removed; (4) what can be done to 
build up the student’s self-confidence ; (5) what are his basic lacks; 
(6) how can his lessons be motivated; (7) how can he be made 
conscious of his improvement. 

In the ensuing discussion, several questions were presented from 
the floor. 

The second paper was presented by Professor S. M. Tucker, 
Polytechnic Institute of Brooklyn, whose topic was ‘‘English De- 
partments and the War.’’ Professor Tucker took the position that 
we can be of most use in the war by continuing to do what we 
always do. Especially is this true in training students for citi- 
zenship in a democracy, and in training them in Americanism. 
Such training after the age of 14 should not be by precept, since 
the student should be taught to question. The student should be 
taught that democracy is a dream not yet realized, that it has defi- 
ciencies and problems, and that freedom must be fought for at all 
times. 

At the conclusion of the paper, several matters of business were 
taken up. The secretary announced that the Council of the Society 
had changed the group from the status of a committee to the Di- 
vision of English. 

Professor A. M. Fountain of North Carolina State College pre- 
sented the following resolution upon the death of Miss Sada A. 


Harbarger. 
SADA A. HARBARGER 


The English Division*has been greatly saddened by the death of Sada 
A. Harbarger. One of the first teachers to take an active part in de- 
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veloping the work of the English Section, Miss Harbarger was always 
faithful in attendance at its meetings and reliable in looking after its in- 
terests. 

The same natural talent for leadership which enabled her to play so 
important a part in S. P. E. E. affairs was responsible for her outstand- 
ing success as a teacher of engineering students. In the beginning, her 
entrance into this field was accidental. As a young instructor in the Eng- 
lish Department at the University of Illinois, she took over some sections 
of engineers that none of the other instructors wanted. In so doing, she 
turned an educational chore into a career. Characteristically, she devoted 
all her energy and enthusiasm to the task. Then, as later, she believed 
that one teaches the student first, and the subject or textbook second. Her 
sincere personal interest in the students awakened a response that made 
her teaching effective. 

Called to the Ohio State University to organize a department of Eng- 
lish for the Engineering College, Miss Harbarger continued, both as a 
writer and a teacher, to demonstrate that the teaching of engineering stu- 
dents was an occupation worthy of any instructor’s best efforts. Her 
sure grasp of educational problems made her influential among technical 
as well as English teachers, both in her own institution and in the councils 
of the §. P. E. E. The memory of her inspiring leadership will be a 
continuing influence in this organization, but she will be sadly missed, 
not only for her wise counsel but also for her gracious personality. 

C. W. Park, 
Chairman of the Committee. 

The resolution was unanimously adopted. ° 

The following committee was appointed to nominate officers of 
the Division for the next year, and since so few members were 


present, to conduct a poll by mail: 


W. Otto Birk, Univ. of Colorado, Chairman 
Howard R. Bartlett, M. I. T. , 

E. C. McClintock, Univ. of Virginia 
William F. Scamman, Univ. of Maine 

Jesse Thornton, Univ. of Michigan 


Professor *William S. Lynch of Cooper Union, the host institu- 
tion, announced arrangements which had been made for the en- 
tertainment of members after the adjournment of the meeting. 

Homer H. NuGent, 
Secretary 


At the Industrial Engineering Division meeting at the annual 
convention, a group of papers were presented. The following offi- 
cers were elected to the Executive Committee of the Division : 
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Chairman—C. W. Beese, Purdue University 
Vice-Chairman—D. B. Porter, New York University 
Secretary-Treasurer—C. A. Koepke, University of Minnesota 
Editor—G. W. Barnwell, Stevens Institute of Technology 

Past Chairman—H. G. Thuesen, Oklahoma A. & M. College 


The committee on Labor Relations had requested that this com- 
mittee be merged with the Industrial Engineering Division. It 
was voted to accept this proposal of the committee on Labor Rela- 
tions. 

Attention is called to the fact that Dexter S. Kimball delivered 
an address covering the work of the late Dr. L. P. Alford who was 
serving as Chairman of the Industrial Engineering Division at the 
time of his death in January. 

H. G. THUESEN 


Instructional Methods.—A joint luncheon meeting of the Com- 
mittee on Instructional Methods with the Committee on Junior 
Colleges was called to order at 12:50 p.m., June 27, by Chairman 
A. H. Lovell of the University of Michigan, Chairman of the Com- 
mittee on Junior Colleges. 

The chairman first called upon Carl S. Ell, Chairman of the 
Committee on Instructional Methods, who responded with brief 
appropriate remarks. 

The following papers were presented : 


‘‘Teaching Methods and Course Content of Introduction to Engi- 
neering at Rutgers.’’ G. A. Olsen, Rutgers University. 

‘‘Junior Engineering Courses in the Light of War Experience.’’ 
J. A. Prior, University of Pennsylvania. 

‘‘Junior College Curriculum for Students Planning a Transfer to 
and Engineering College.’’ T. H. Morgan, Worcester Poly- 
technic Institute. 

**California Junior College Situation.’?’ E. R. Hedrick, Univer- 
sity of California at Los Angeles. 


The papers called forth considerable interesting discussion and 


the meeting adjourned at 3:45 p.m. 
T. H. Morean, Secretary. 


A conference devoted to Visual Education was held on Satur- 
day, June 27, at 3 p.m. with William R. Bryans, Assistant Dean 
of the College of Engineering of New York University, acting as 
Chairman. After a brief resume by Professor Bryans of the Visual 
Education movement in the Society, Professor Herbert J. Gilkey 
of Iowa State College presented a paper entitled ‘‘The Limitations 
of Visual Education.’’ 
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Major George E. Tomlinson discussed the paper, pointing out 
that many of the limitations suggested by Professor Gilkey either 
were not serious, or could be circumvented without too much diffi- 
culty. Professor Gus of New York University made a few remarks 
concerning his experience with animated cartoons as a means of 
increasing the effectiveness of his teaching, and showed several 
reels of films used as supplementary material in teaching applied 
Kinematics of Machines. 

In the general discussion which followed these presentations, a 
suggestion was made that the Society ought to take steps to pool 
information as to the visual education aids available and suitable 
for engineering teaching. The Chairman replied to this sugges- 
tion to the effect that several new listings of films were available, 
notably the one issued. by the Illinois Institute of Technology, but 
that the majority of films extant were not well-suited for engineer- 
ing teaching. 

In his closing remarks in reply to points made during the dis- 
cussion of his paper, Professor Gilkey stressed that fact that he was 
not opposing visual education as such. Visual teaching aids, par- 
ticularly motion pictures, have much to offer the engineering edu- 
eator, but at this early stage in their development critical study 
of their limitations is necessary if they are to attain their fullest 
usefulness to this profession. He pointed out that all who had 
spoken during the meeting seemed to be in substantial agreement 
as to the general objectives to be sought, and that the discussion 
had served to bring out means of eliminating some of the undesir- 
able features that at first seemed inherent in this technique. 

GrorcE D. Wiixrnson, Secretary. 


A joint conference of the Committee on Instructional Methods 
with the Committee on Evening Engineering Courses was held in 
the Men’s Faculty Club of Columbia University at 7:00 p.m. on 
Saturday, June 27, with Dean William C. White of Northeastern 
University presiding. By mutual agreement early in the college 
year 1941-42, the Committee on Instructional Methods and the 
Committee on Evening Engineering Courses decided upon a joint 
conference for the annual meeting to deal with aspects of the 
E. S. M. D. T. program of interest to both groups. Two topics 
were decided upon for study during the year: (1) The effect of 
the college level war training program upon regularly established 
evening engineering curricula, and (2) The supervision of instruc- 
tion in E. 8. M. D. T. courses. 

Dean Harry P. Dutton of the Evening Division of Illinois Insti- 
tute of Technology kindly consented to survey the first problem 
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and to report upon it at the annual meeting of the Society. Dean 
Dutton did a noteworthy job of compiling information from all 
over the country and particularly from the institutions in his own 
area. Willis T. Spivey, Director of the Evening School of Drexel 
Institute of Technology and Regional Adviser for the E. 8. M. D. T. 
program in that area, presented the second paper dealing with 
supervision of instruction in war training courses. His address 
outlined a number of effective supervisory methods that have been 
developed in the Philadelphia area. 

After Dean Dutton and Director Spivey had presented their 
papers, there was a lively discussion of both topics. The consensus 
seemed to be that E. S. M. D. T. had served as a stimulus rather 
than as a deterrent to students in regular evening engineering cur- 
ricula inasmuch as the attendance in such programs had rather uni- 
versally remained constant or even increased during the past year. 
It was generally felt, also, that a great many fruitful techniques 
were being developed through E. S. M. D. T. courses that would 
prove of permanent value to evening engineering instruction. 

CarLTon E. Tucker, Secretary. 


Labor Relations.—Discussion by correspondence previous to 
the New York meeting and verbally at the meeting led to the con- 
clusion that the Committee on Labor Relations should be a com- 
mittee in the Industrial Engineering Division rather than a special 
committee and it is recommended that future activities be so or- 
ganized. Most of the members interested in labor relations are also 
interested in other phases of industrial engineering. 

At the New York meeting the Committee on Labor Relations 
joined the Industrial Engineering Division at dinner and two pro- 
grams were merged. For Labor Relations Professor F. A. Magoun 
spoke on Emotional Relations and Mr. T. W. Prior spoke on Indus- 
trial Interviews for Senior Engineers going into the Service. The 
programs of the Industrial Engineers dealt largely with labor 
relations and were of much interest to those especially interested 
in that subject. 

Both papers were given from notes and are not organized for 
publication in the JouRNAL. 


S. A. LEwIsoHn 

F. A. Macoun 

T. W. Prior 

J. W. Rrecei 

G. L. Sutzivan, Chairman. 
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Mathematics.—There were three sessions of the conference of 
the Mathematics Division, the first being a joint conference with 
the Division of Aeronautical Engineering and the second being a 
dinner meeting. All three sessions were well attended. The secre- 
tary of the Aeronautical Division will report on a part of the joint 
conference, which consisted of the following: 


‘‘Mathematics in Aeronautical Teaching and Research,’’ by 
Alexander Klemin of New York University ; 

‘“‘The Energy Method, Which One?’’ by Alfred S. Niles of 
Stanford University. 


The paper by Professor Klemin included examples of certain 
aeronautical research problems for the solution of which there seem 
to be no mathematical tools. He prefaced his remarks by a brief 
discussion of undergraduate mathematics teaching and suggested 
that mathematics teachers introduce interesting examples to show 
the use of mathematics as an engineering tool. 

The dinner meeting was followed by a spirited discussion on 
‘‘Speed-Up’’ Courses in Mathematics. 

The following papers were presented at the third meeting: 


‘*Linear Velocity Fields in a Barotropic Atmosphere,’’ by R. E. 
Root of the U. S. Naval Academy ; 

‘*Pure Mathematics and Applications,’’ by Rufus Oldenburger 
of Illinois Institute of Technology ; 

‘*Notation in Vector Analysis,’’ by Edward Baker of Newark 
College of Engineering. 


The Division accepted the report from the committee on ‘‘ Engi- 
neering Problems’’ and this collection of problems is to be pub- 
lished this fall by the McGraw-Hill Book Company. 

The Division took appropriate action in memory of its secretary, 
Professor J. H. Weaver of Ohio State University, who met an un- 
timely death in an accident this past spring. 

The following were elected as officers for the year 1942-43: R. L. 
Ford of Illinois Institute of Technology, Chairman; J. W. Cell of 
N. C. State College, Secretary; L. L. Smail of Lehigh, Member of 
the Executive Committee. 

JoHN W. CELL, Acting Secretary. 


The formal session of the Mechanical Engineering Division 
was initiated at a luncheon, Saturday, June 27th, which was ad- 
dressed by Harvey N. Davis, President of Stevens Institute of Tech- 
nology. The topic of his interesting address was ‘‘War Training 
in Mechanical Engineering.’’ Some seventy members attended 
the luncheon. 
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At 2:00 p.m. on Saturday a combined meeting of the Manufac- 
turing Processes and Machine Design sections was held to hear the 
presentation of a talk entitled ‘‘What Machine Design and Manu- 
facturing Processes Can Do for an Engineering Student’’ by Mr. 
John L. Alden of the Western Electric Company. 

A division dinner was held Saturday evening, at which Arthur 
L. Townsend of the Massacsusetts Institute of Technology officiated 
as a charming toastmaster. The principal speaker of the evening 
was Mr. H. C. Meyer of Gibbs and Cox, who addressed the group 
in an interesting fashion on ‘‘Some Design Problems of the Liberty 
Cargo Ships.’’ 

The meeting closed following the election of officers of the 
Mechanical Engineering Section for the year 1942-43. 

Following the dinner meeting, a combined Heat Power and Lab- 
oratory Conference was held at which ‘‘A Survey of the Course 
Material in Mechanical Engineering Laboratory Instruction’’ by 
Frank Swartz of the University of Michigan, and ‘‘The Heating 
and Air Conditioning Curriculum’’ by John James of the A. 8. H. 
V. E. were presented, and a lively question and discussion period 
followed. 


Mechanics.—Approximately fifty members of the Mechanics 
Division attended the opening luncheon at John Jay Dining Hall, 
Columbia University, on June 27. Chairman Adams called the 
meeting to order, and spoke briefly of the plans for the 1942 meet- 
ing. Fred W. Oecvirk, Instructor in Mechanics at Cornell Univer- 
sity, presented an interesting paper on the study of Mechanics as 
related to the Engineering, Science, and Management Defense 
Training Program. This paper dealt with the specific application 
of mechanics to the analysis and design of aircraft structures. Stu- 
dents enrolled in these courses seldom have training in mathematics 
beyond trigonometry, yet remarkable results have been achieved 
Mimeographed class notes were made available for members and 
guests who wished to obtain them. After a brief question period, 
the meeting adjourned. 

Following the luncheon, about 25 members and guests met for 
the afternoon session. Professor R. T. Liddicoat of the University 
of Michigan presented a paper entitled ‘‘A Falling Bar Problem,”’ 
which introduced a novel application of the relationship of torque 
to time rate of change of angular momentum and of the use of the 
power series in solving non-linear equations of motion. After a 
lively discussion by several of the members present, it was conceded 
that this method of solution could be employed when other more 
conventional methods of solution failed or became too involved. 
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Chairman Adams reviewed that portion of the 1941 meeting 
which resulted in establishing a committee to conduct a study of 
achievement tests. Professor J. O. Draffin of the University of 
Illinois, Chairman of the committee, submitted a written report 
which was read by Chairman Adams. The reading of Professor 
Draffin’s report was interrupted several times to permit discussion 
and consideration of the many interesting facts brought out. Sev- 
eral of the members present asked that copies of the test be sent 
to their schools for trial, and generously offered to assist in the con- 
tinuation of the study. It was unanimously agreed that the test 
should be continued and that additional funds should be requested 
to finance the program. (This request was later granted by the 
Executive Council.) It was agreed that Professor Draffin and 
others taking part in the work had achieved remarkable results in 
view of conditions under which they worked and that they should 
be heartily congratulated. 

Twenty-five members and guests attended the annual dinner 
meeting on Saturday, June 27. The feature of the evening was 
an address ‘‘The Engineer Militant’’ by Dean I. C. Crawford of the 
University of Michigan. The executive committee nominated 
Messrs. Seibert Fairman (Purdue), R. V. James (University of 
Oklahoma), M. O. Withey (University of Wisconsin), and A. P. 
Young (Michigan M. & T.) as candidates for the two vacancies to 
be filled in the Executive Committee of the Mechanics Division for 
the three-year term expiring in 1945. Professors Fairman and 
Withey were elected. The two members of the Executive Commit- 
tee who were present (Laurson and Fairman) and Chairman Ad- 
ams recommended that Professor E. R. Dawley of Kansas State 
College be appointed Chairman of the Mechanics Division for the 
year 1942-43. Professor Dawley later found it impossible to serve. 
By vote of the Executive Committee of the Division A. 8. Adams 


will serve as Chairman for 1942-43. 
A. 8. ADAMs. 


The first of the three Mineral Technology conferences, that on 
problems in mining engineering education, was called to order in 
the Mines Building, Columbia University, by the chairman of the 
Division, Thomas T. Read, who introduced the chairman of the 
Mining Committee, J. W. Stewart, Lafayette College. Dean Ed- 
ward Steidle, Pennsylvania State College, presented the first paper 
of the afternoon, entitled ‘‘An Evaluation of Present-day Mining 
Instruction.’’ This was followed by general discussion, after 
which C. E. Lawall, president of West Virginia University, dis- 
cussed specialization in mining education. E. A. Holbrook, dean, 
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University of Pittsburgh, discussed the value of extra-curricular 
activities to the mining teacher, presenting the argument that even 
so remotely related an activity as being president of Rotary Inter- 
national broadens and enriches teaching capacity. A. C. Callen, 
dean of engineering, Lehigh University, presented in tentative 
form the results of an investigation as to the reasons underlying 
the decline in interest in mining curricula in the eastern seaboard 
region. This evoked much discussion, which culminated in a gen- 
eral request by the audience for Dean Callen to pursue the study 
further and again present the topic at the February 1943 session 
of the Mineral Industry Education Division of the American Insti- 
tute of Mining Engineers. Although the session had not been dry 
most of the group then adjourned to the College Tavern, for a 
further session before the Division dinner. 

This had been transferred to Bard Hall, at the Medical Center, 
169th Street and Broadway, since the unexpected (under war-time 
conditions) large attendance on this and other dinners made it 
necessary to find larger accommodations. Most of the group seemed 
to feel that the view across the Hudson, and of the George Wash- 
ington bridge, from Bard Hall was worth the trip up there. Even 
there after the last possible chair had been squeezed around the 
table a couple of the group had to go to another dinner at which 
there was more room. Arthur Phillips, Yale University, chairman 
of the Metallurgy Committee, presided, and after the dinner had 
been disposed of, introduced in succession John Johnston, Director 
of Research, U. S. Steel Corporation; Albert J. Phillips, Director 
of Research, American Smelting and Refining Co.; and Curtis 
Pigott, Assistant Works Manager, Phelps-Dodge Corporation, who 
presented their views of the needs of research laboratories and 
operating plants for technically trained metallurgists. Following 
this, Professors Hayward, McFarland, and other teachers of metal- 
lurgy present discussed how the schools can meet these needs, a 
discussion that was somewhat hampered because the preceding 
discussion had placed so much emphasis on personal qualities which 
are a matter of inheritance and early training rather than matters 
to be controlled in an engineering curriculum. 

The final conference was held at 10 a.m. on June 29, with prob- 
lems of mineral dressing education as its topic, with A. M. Gaudin, 
Massachusetts Institute of Technology, chairman of the Mineral 
Division committee presiding. R. Schumann argued for broad 
treatment of the unit processes involved in mineral dressing, as 
ordinarily understood, so as to cover their application in fields 
other than those traditionally considered mining. This is his- 
torically sound since, for example, methods and equipment origi- 
nally devised for the cyaniding of gold ores are now widely applied 
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in the organic as well as the inorganic field. But the proposal to 
call a man so trained a ‘‘separations engineer’’ seems less admir- 
able. George M. Darby, manager, Westport mill, the Dorr Com- 
pany, and §. J. Swainson, American Cyanamid Co. discussed the 
industrial requirements, and the traits and training desirable in 
young men preparing for careers in mineral dressing. 

At the dinner on Saturday evening a brief annual meeting of 
the Division was held and J. R. Van Pelt, technical director, Mu- 
seum of Science and Industry, Chicago, was elected chairman for 
1942-43, with Jos. F. Oesterle, Associate Professor Metallurgy, 
University of Wisconsin, as vice-chairman. 


The Physics program was in two parts, a joint program with 
the American Association of Physics Teachers featuring a sym- 
posium of invited papers on ‘‘The War and Problems in Physics 
Teaching’’ and a program devoted to the question: ‘‘Which Sys- 
tems of Units Should be Emphasized in Physics Courses for Engi- 
neering Students ?’’ 

The first program was at the Pennsylvania State College, where 
the American Physical Society met concurrently. Morning, after- 
noon, and evening joint sessions were held on June 25, at which 
papers were delivered as follows: ‘‘The Special War Training Pro- 
gram in Physics at Brown University,’’ R. B. Lindsay, Brown 
University; ‘‘The E. S. M. D. T. Foundations-of-Engineering 
Course Offered by the Extension Service of the Pennsylvania State 
College,’’ Marsh W. White, the Pennsylvania State College; ‘‘E. 
S. M. D. T.; Some Problems of the Institutional Representative,’’ 
C. A. McKeeman, Case School of Applied Science; ‘‘Some Aspects 
of the E. S. M. D. T. Program,’’ I. H. Solt, United States Office 
of Education; ‘‘Education in Physics for the War Program,’’ H. 
L. Dodge, University of Oklahoma; ‘‘The Program for Retraining 
of Teachers of High School Physics,’’ M. H. Trytten, University 
of Pittsburgh; ‘‘Training Men in Acoustics and Supersonics for 
War Research,’’ Leonard Olsen, Case School of Applied Science ; 
‘*Opties in the War Effort,’’ Brian O’Brien, University of Roch- 
ester; ‘‘The Research Physicist—His Characteristics and Train- 
ing,’’ Ross Gunn, U. 8S. Naval Research Laboratory ; ‘‘ Research in 
Physics for the War Program,’’ K. T. Compton, Massachusetts In- 
stitute of Technology. 

This program developed into a comprehensive exchange of in- 
formation on requirements on physicists, and activities and pro- 
cedures in training in physics, for the prosecution of the war. 
Many of the members of S. P. E. E. and A. A. P. T. in attendance, 
who were not on the program, contributed to the discussions. Evi- 
dence of the desperate necessity for increasing the numbers of 














374 REPORTS OF CONFERENCES 


persons with training in physics at all levels of attainment per- 
meated the entire meeting. 

Following the address of Dr. Compton, the address of the even- 
ing session, the members and guests of the three societies meeting 
at State College were received at the home of Dean F. C. Whit- 
more. The program at Pennsylvania State College was con- 
cluded on June 26 with a banquet at which representatives for 
The American Physical Society, The American Association of 
Physics Teachers, Pennsylvania State College, and The Society 
for the Promotion of Engineering Education spoke briefly. The 
feature of the evening was an address by Dean F. C. Whitmore, 
of Pennsylvania State College, on ‘‘Organic Chemistry for Physi- 
cists,’’ in which Dean Whitmore surveyed the difficult problems in 
synthetic rubber production. 

The physicists of The Society were fortunate to enjoy the hos- 
pitality of the physics department of Pennsylvania State College 
and to have the opportunity to inspect its new physics laboratory. 
An expression of appreciation is due to Dr. L. W. Taylor, program 
chairman for the American Association of Physies Teachers, for 
the portion of the program which he arranged. 

The program on ‘‘Which Systems of Units should be Empha- 
sized in Physics Courses for Engineering Students?’’ was held at 
Columbia University on the evening of June 27. After a dinner 
various points of view on units were presented by engineers and 
physicists in attendance as follows: J. I. Yellott, of Illinois Insti- 
tute of Technology, for Thermodynamics and Mechanical Engi- 
neering; Seibert Fairman, of Purdue University, for Mechanics; 
R. E. Doherty, of Carnegie Institute of Technology, for Electrical 
Engineering and Engineering in General; and R. B. Lindsay, of 
Brown University, for Physics. A paper prepared by R. N. Var- 
ney, of the U. S. Naval Proving Ground, on ‘‘The M.K.S. System 
of Units,’’ was read by W. H. Bessey, since an unexpected assign- 
ment made it impossible for Lieutenant Varney to deliver his paper 
in person. 

The diversity of opinions expressed in the foregoing papers 
and in the tireless ensuing discussion was not unexpected. Pro- 
posals ranged all the way from concentration on a single system of 
units throughout the basic physics course for engineering students 
to the proposal to acquaint the student with as many systems of 
units as possible, as early as possible, emphasizing conversions 
from one system to another, with the objective of developing con 
fidence in the student to handle any situations in units which he 
might subsequently encounter. The point of view of the pro- 
ponents for concentrating on a single system was that there is 
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great value in developing in a student an appreciation for the 
structure of a system of units, as such. It was believed that after 
a student had mastered one system he could easily pick up other 
systems, and conversions from one system to another should offer 
no particular hazards at that stage of advancement. 

The position that two, and only two, systems of units should 
be featured, one metric and one English system, met with consid- 
erable favor. Discussion on absolute versus gravitational systems 
led to observations that if the fundamental concepts of mechanics 
are adequately presented, there is no necessity to shield the student 
from one or the other, gravitational or absolute units. He can 
accept both in their proper relation to one another and may regard 
them as two different ways of handling the same basic ideas. The 
comment was made that in the study of physics ‘‘it is better to 
solve a given problem in several different ways than many prob- 
lems, all in one way.”’ 

Although there was little partisan promotion for an M.K.S. 
system of units, neither was concern expressed over their encroach- 
ment. In general, they were regarded with favor. The attitude 
seemed largely to be that they could be emphasized in preference 
to the ¢.g.s. units when textbooks become available to make the 
teaching of them practicable. 

JaMEs G. POTTER, 
Chairman 


Technical Institute—At a luncheon meeting a discussion of 
technical institute problems arose spontaneously, participated in by 
Messrs. Scott, Williston, and Harper, which interested those pres- 
ent. The chairman asked Dean Holbrook, chairman of the E. C. 
P. D. Committee on Certification of Technical Institutes, to report 
on that matter. Dean Holbrook stated that he had taken up the 
matter in interviews and correspondence with President Kolbe, late 
President of Drexel Institute, who had been active in trying to 
secure such certification for some years. Unfortunately President 
Kolbe’s death occurred before definite plans had been formulated. 
The great increase in training of the technical institute type during 
the past year led Dean Holbrook to believe that a comprehensive 
study of technical institutes and technical institute courses, under 
the auspices of one of the great engineering foundations was ad- 
visable, and he suggested that the technical institute division of 
the S. P. E. E. should initiate a request for such a study. The 
undersigned suggests that the incoming executive committee of the 
Division of Technical Institutes write to Dean Holbrook, asking 
him to write the executive committee of the Division to do this, or 
to suggest this, giving his reasons. This will make it possible for 
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the executive committee of the Division to consider the matter seri- 
ously, and to make such a request, if it is decided that is wise. 
The afternoon program consisted of the following: 


Service to Industry of the Technical Institute, by Willis T. Spivey, 
Director, Drexel Evening Diploma School, Drexel Institute of 
Technology. Discussion. : 

How Technical Institutes Serve Their Communities: Wyomissing 
Polytechnic Institute, President Arthur C. Harper; Franklin 
Technical Institute, Walter L. Hughes, in charge of placement, 
Franklin Technical Institute; Ohio Mechanics Institute, Presi- 
dent John T. Faig. Discussion. 


The speakers indicated that they had no objection to interrup- 
tion of the presentation of their subjects by questions from those 
present. There were many questions, and vigorous discussion fol- 
lowed each speaker. 

Professor Williston presented the following resolution which 
was adopted. 

Voted: that the chairman of this division be requested and is 
hereby authorized to urge the technical institutes of this country 
and all friends of the technical institute movement whose codpera- 
tion he can enlist, to urge by all practical means the authorities in 
Washington to broaden in every possible way the technical training 
efforts of the nation on all levels. 

A motion was passed, asking the chairman to select two other 
men from the technical institute field and appear with them before 
the proper authorities in Washington to urge that technical insti- 
tutes be given the opportunity to make contracts directly for edu- 
cation for war work and for E. 8S. M. D. T. courses. The chairman 
stated that he would ask Messrs. A. C. Harper and W. L. Hughes 


to accompany him. 
JoHN T. Fatc, Chairman. 














THOUGHTS ON ENGINEERING TRAINING 
By BALDWIN M. WOODS 
Second Vice-President of the Society 


‘Tf it’s needed and if it’s fair, you will support it.’’ Thus 
a well-known leader described the American attitude toward sac- 
rifices demanded for the war. This view is held by men in engi- 
neering education. They believe that engineering manpower is 
needed for the armed forces, war production, government opera- 
tion, teaching and war research. 

The reorganization of the War Manpower Commission, with 
Selective Service an agency responsible to the Commission, 
promises a strong effort to allocate manpower according to the 
relative needs. An impartial agency, possessed with the facts, is 
needed to furnish the answers. The plans will doubtless call for 
a large percentage of young engineers to serve in the armed ferces. 
This is as it should be. It is the first call. All the other war 
needs are in a sense services. As such, they must be fully and 
impartially considered. The armed forces have the responsibility 
of getting the maximum service from the engineers and from their 
training. They are not numerous enough to meet the need unless 
assigned wisely. The Army Plan is expected to care for the sup- 
plementary training which adapts the civilian to military duties. 

The chief concern of the teacher and engineering educator is for 
the wise and full use of the trained: man. He has seen the compe- 
tition grow. He knows how indispensable the trained mind and 
engineering knowledge are in both civil and military activities. 
He knows that there is no very short road to secure adequate train- 
ing If production falls, he senses loss of engineers and managers. 
Hence, his anxiety to secure the balanced distribution of engineers 
to give the greatest total war effort. He knows the hazards of 
unwise allocation of this critical material, trained engineers. 

There is a hazard in the educator’s anxiety. He must offer 
advice, he must provide training. But the responsibility for the 
decision is not his. Consequently, he must not be an obstruction- 
ist. If from his point of view wrong policy decisions are made, 
he must carry on under them, ready to aid in correction when the 
unwisdom is revealed. How fortunate it will be if policies for 
training and using engineers are wisely and fairly conceived! The 
need is clear, there is hope for wise policies. Let’s support the 
effort ! 
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NATIONAL HEADQUARTERS 
SELECTIVE SERVICE SysTEM 
21st Street and C Street N.W. 
Washington, D. C. 


December 14, 1942 
OccUPATIONAL BULLETIN No. 10 (Amended December 14, 1942) 


EFFECTIVE: IMMEDIATELY 
SusJsEectT: SCIENTIFIC AND SPECIALIZED PERSONNEL 


1. Persons qualified 

There are certain persons trained, qualified, or skilled in scien- 
tific and specialized fields who, if engaged in the practice of their 
respective professions, are in a position to perform vital service in 
activities essential to war production and to the support of the war 


effort. 


2. Critical occupations 

The War Manpower Commission has certified that in certain 
scientific and specialized fields there are critical occupations, which, 
for the proper discharge of the duties involved, require a high de- 
gree of training, qualifications, or skill. Attached is a list of 
‘‘eritical occupations’’ in scientific and specialized fields, divided 
into two groups: (1) Engineering Fields and (2) Other Scientific 
Fields. 


3. Consideration of occupational classification 

The War Manpower Commission has certified that there are 
serious shortages of persons trained, qualified or skilled to engage 
in these critical occupations. Accordingly, careful consideration 
for occupational classification should be given to all persons 
trained, qualified, or skilled in these critical occupations and en- 
gaged in activities necessary to war production or essential to the 
support of the war effort, and to persons in training or prepara- 
tion therefor. 


4. Deferment of students in training and preparation 
A registrant who is in training and preparation for one of these 
scientific and specialized fields may be considered for occupational 
classification as follows: 
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(a) A registrant in training and preparation in one of the 
Engineering Fields may be considered for occupational classi- 
fication after completion of his first academic year in a recog- 
nized university or college, and thereafter, if he is a full-time 
student in good standing, if he continues to maintain good 
standing in such course of study, and if it is certified by the 
institution that he is competent and that he gives promise of 
successful completion of such course of study and acquiring the 
necessary degree of training, qualification, or skill. 

(b) A registrant in training and preparation in one of the 
Other Specialized Fields may be considered for occupational 
classification after he has reached the point in such course of 
study in a recognized university or college, and thereafter, 
where there remains not more than two academic years for him 
to complete such course of scientific and specialized study, if he 
is a full-time student in good standing, if he continues to main- 
tain good standing in such course of study, and if it is certi- 
fied by the institution that he is competent and that he gives 
promise of successful completion of such course of study and 
acquiring the necessary degree of training, qualification, or skill. 


5. Graduate Students 

A graduate or postgraduate student undertaking further studies 
in these scientific and specialized fields following completion of his 
normal undergraduate course of study may be considered for oc- 
cupational classification if, in addition to pursuing further studies, 
he is also acting as a graduate assistant in a recognized university 
or college. A graduate student is a student who in addition to 
pursuing such further studies is engaged in one of the following: 


(a) In scientific research certified by a recognized federal 
agency as related to the war effort; or 

(b) in classroom or laboratory instruction for not less than 
twelve hours per week. 


6. Opportunity to engage in profession 

When a registrant has completed his training and preparation 
in a recognized college or university and has acquired a high degree 
of training qualification, or skill in one of these scientific and spe- 
cialized fields, such registrant should then be given the opportunity 
to become engaged in the practice of his profession in an activity 
necessary to war production or essential to the support of the war 
effort. In many instances following graduation from a recognized 
college or university, a certain period of time will be required in 
the placing of trained, qualified, or skilled personnel in an essential 
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activity. When a registrant has been deferred as a necessary 
man in order to complete his training and preparation, it is only 
logical that his deferment should continue until he has an oppor- 
tunity to use his scientific and specialized training to the best 
interest of the nation. Accordingly, following graduation from a 
recognized college or university in any of these scientific and 
specialized fields, a registrant should be considered for further 
occupational classification for a period of not to exceed 60 days 
in order that he may have an opportunity to engage in a critical 
occupation in an activity necessary to war production or essential 
to the support of the war effort, provided that during such peirod 
the registrant is making an honest and diligent effort to become 


so engaged. 


7. Effective period of this bulletin 

This bulletin and attached list amends and supersedes Occupa- 
tional Bulletin No. 10 of June 18, 1942. (Printed in the September 
Journal of Engineering Education.) This amendment is effec- 
tive until July 1, 1943, unless sooner amended. During the ef- 
fective period of this bulletin the War Manpower Commission is 
giving further study to the training and preparation and utilization 
of persons trained in these scientific and specialized fields. 

(signed) Lewis B. HERSHEY, 
Director. 


CRITICAL OCCUPATIONS 


Scientific and Specialized Fields 


Engineering Fields 

Aeronautical Engineers 

Automotive Engineers 

Chemical Engineers 

Civil Engineers 

Electrical Engineers 

Heating, Ventilating, Refrigerating, and Air Conditioning 
Engineers 

Industrial Engineers 

Marine Engineers 

Mechanical Engineers 

Mining and Metallurgical Engineers, 
including Mineral Technologists 

Radio Engineers 

Safety Engineers 

Sanitary Engineers 

Transportation Engineers—Air, Highway, Railroad, Water 
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Other Specialized Fields 

Bacteriologists 

Chemists 

Geophysicists 

Mathematicians 

Meteorologists 

Naval Architects 

Physicists, including Astronomers 

Psychologists 

(Note: By this amendment Industrial Engineers, Sanitary Engi- 
neers and Bacteriologists have been added. Accountants, Econo- 
mists, Industrial Managers, Personnel Administrators, and Statis- 
ticians have been excluded.) 








THE PROFESSION OF ENGINEERING 


By IVAN C. CRAWFORD 
Dean, College of Engineering, University of Michigan 


At the October meeting in Chicago of the Council of S. P. E. E. 
a proposal was received from the Engineers’ Council for Profes- 
sional Development requesting that our Society appoint a com- 
mittee to codperate with the Committee on Professional Recogni- 
tion of that organization. The Council looked with favor on the 
proposal and assigned the project to Committee on Personal De- 
velopment. 

The measure on the importance of this subject to the engineer- 
ing profession can be judged by the amount of space devoted to 
it in the journals of the Founders’ societies and in discussions at 
their meetings. Hardly an issue comes from the press without a 
more or less extended article on some phase of the professional 
status of the engineer. Reverberations of these discussions are 
reflected in proposals to alter in one way or another engineering 
curricula and thus in the opinions of the proposers elevate the 
professional status of the engineer. State registration of engi- 
neers also has this latter objective in view. 

Undoubtedly a large part of our difficulty arises from the fact 
that the activities of engineers are spread throughout so many 
functions that it is difficult to separate the strictly professional 
ones from‘others which might not be so designated. The report 
of the S. P. E. E. Committee on Aims and Scope of Engineering 
Curricula states the situation in the following sentence: ‘‘Since the 
engineering profession class cannot isolate itself from this com- 
plex of men and functions as a well defined cast, it may be said to 
exist as a vaguely bounded nucleus within a much larger envelop- 
ing group which we may call the engineering fraternity.’’ 

Quite clearly the present is not a proper time at which to initi- 
ate extended studies concerning our educational problems. On 
the other hand it is evident that we must emphasize, even under 
existing circumstances, the question of professional recognition 
and make sure that our students become acquainted with the his- 
tory, tradition, ethics, and social functions of the engineering pro- 
fession. As evidence of the interest in the professional aspect of 
engineering, it should be noted that colleges ordered over 3,000 
copies of ‘‘The Second Mile’’ by Dr. Wickenden. In addition, 
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two of the engineering societies (Chemical and Electrical) have 
distributed it through regular publications to their students ; other 
societies have purchased 5,000 for student branches. This shows 
the wide and serious interest in the phases of engineering which 
supplement the technical,—the social, the ethical, and the profes- 
sional. The Committee on Aims and Scope of Engineering Cur- 
ricula recognized these phases when it recommended that human- 
istic-social studies should be directed toward, among other 
objectives, the ‘‘development of moral, ethical and social concepts 
essential to a satisfying personal philosophy to a career consistent 
with the public welfare, and to a sound professional attitude.’’ 

The Committee on Personal Development will undertake to study 
during the coming year the methods employed by the colleges to 
develop an understanding and interest in those phases of engi- 
neering which supplement the technical. Specifically, an attempt 
will be made to get information concerning (1) the method of 
presentation of ‘‘The Second Mile’’ to staff and students and the 
reactions to it; (2) the methods of presenting to students the pro- 
fessional aspects of engineering; (3) and reactions of instructors 
to the general program. 


‘The Place of the Engineer,’’ by Professor C. R. Young, of 
Toronto, President of the Engineering Institute of Canada, is 
veritably ‘‘Something to Think About.’’ Dean I. C. Crawford 
comments : ‘‘ ECPD should secure reprints and send it to Deans, or 
better yet to the Student Counsellors. To me there is much of 
value in this address.’’ 

Reprints from Civil Engineering, Dec. 1942, are available at 5 
cents each; 2 cents in lots of 10 or more; $1.00 per hundred; from 
ECPD, 29 West 39th St., New York, N. Y. 

Copies of ‘‘The Second Mile’’ are still available at 10 cents each ; 
5 cents in quantity ; $3.00 per hundred. 

Cuas. F. Scorr 
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ReissNER, Hans, Research Professor of Engineering, Illinois Institute of Tech- 
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ECONOMICS AS A STUDY FOR CIVIL ENGINEERS 


By W. E. HOWLAND 


Professor of Sanitary Engineering, Purdue University 


Economics has been included in the curriculum of eivil engi- 
neering for many good and sufficient reasons, but I have chosen to 
mention only one of them: the planting of doubt in the mind of 
the student so as to stimulate him to examine the assumptions and 
conclusions of ordinary thinking about the economic world. Doubt- 
ing is difficult but when learned early and practiced often it can 
be mastered. The study of economics should be a discipline in 
doubting. 

I still remember the jolt which I received when I realized, in a 
course in economies, that free trade was logically sound: free trade, 
which my father as a good Republican had always condemned. It 
came over me like a revelation that the principles of Republican- 
ism and of ‘‘Sound Business,’’ which I had been taught to revere 
as a monk reveres his faith, might be wrong—might be even dan- 
gerously and harmfully wrong in their effect on the people and 
on the times. It was, I think, an educational experience of con- 
siderable significance to me; the sort of thing that Cardinal New- 
man has referred to as an awakening of the mind, an enlargement 
of view, the gaining of a new vantage point from which still larger 
views are possible. But it was an eminence of doubt and not of 
faith which I attained. 

As children we have had many similar disillusionments. We 
were told the story of Santa Claus with all of its delightful detail 
and enchantment and we believed it. And then one day with much 
pain and shock we learned that it was a myth. That was the be- 
ginning of our preparation for an understanding of the world of 
economics, and of the various theories which have been invented 
to make our economy seem beneficent or rational or endurable as 
the need might be. Such experiences, though shocking and pain- 
ful, must be repeated at intervals in order that we may not be 
thoroughly undone by the impostors and impostures with which 
the world abounds. 

The race in its childhood received the same sort of instruction. 
It had been taught that all the answers to all the questions that any 
decent man should ask were known and were written down in a 
book or were to be answered by particular persons who were in the 
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mystical know. Of course the earth was stationary and the sun 
and stars moved about it. All the solid citizens, the bankers and 
lawyers, and all the Chambers of Commerce believed it. And then 
a few men like Copernicus and Kepler and Galileo came along and 
shattered the common sense notions of the authorities, thus sug- 
gesting that a widely held theory may be a myth. 

Strange, isn’t it, that myths are so widely taught and believed 
and so tenaciously held? ‘‘A wonder and yet no wonder,’’ as 
Stevinus wrote under his proof of the parallelogram of forces. 
Why the Santa Claus myth? Because the parents want to give 
the children a happy thought and they want the joy of playing a 
good-natured trick on them, like Voltaire’s priest who said, ‘‘ You 
have no idea what fun it is to persuade ten thousand persons of a 
doctrine that you do not believe yourself.’” Why the myth of the 
stationary earth? It persisted partly because of stupidity and 
of mental laziness, and partly because of vested interests of power- 
ful persons and institutions. Why the myth of the beneficence 
of laissez faire or rugged individualism? A combination, perhaps, 
of these and other reasons. The profit myth condones if not com- 
pels the tearing down of a good house, even in wartime where 
houses are urgently needed, the destruction of food when men are 
hungry, the open air burning of billions of cubic feet of natural 
gas which can never be replaced: hecatombs and holocausts to gods 
that love not men. To the high priests of the profit myth will the 
oracle of time proclaim, ‘‘If profit stay the end of man, his end 
may not be stayed.’’ 

The legend of the stork is told because grownups choose to avoid 
telling a truth which seems to them too crude for tender ears. And 
so with the legends of economics. The erudity and vulgarity of 
certain forms of poverty are too unpleasant to contemplate. Let 
us dismiss the subject with the pleasing myth that persons who 
prefer decent living conditions may obtain them. Virtue is in- 
variably rewarded. Those who are punished must deserve their 
fate. The message of the ‘‘Book of Job’’ or of Voltaire’s ‘‘Can- 
dide’’ or of Steinbeck’s ‘‘Grapes of Wrath’’ is lost on minds thus 
insulated by myth from reality. 

When we were children playing with blocks, we used to see how 
tall and wide and astonishing a structure we could make on the 
smallest foundation before it fell down. But later we tried to 
make more graceful structures and when we took them down we 
did so carefully so as not to injure the blocks. Now a huge eco- 
nomie structure of thought and of institutions has been built as if 
by children, without plan and on altogether too narrow a founda- 
tion. It is topheavy, it is awkward, it is grotesque. Some per- 
(Continued on page 391) 
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MATHEMATICS IN AERONAUTICAL TEACHING AND 
RESEARCH * 


By ALEXANDER KLEMIN 


Guggenheim Research Professor, School of Aeronautics, College of Engineering, 
New York University 


I. THe TEAcHING oF MATHEMATICS IN RELATION TO AERONAUTICS 


As a general rule, the aeronautical engineer finds it sufficient 
to employ straightforward mathematics, standard calculus, linear 
differential equations with constant coefficients and the like. Such 
mathematics are taught and well taught in our colleges of engi- 
neering. But with diffidence I venture to say that they are taught 
as mathematics, as a fine discipline of the mind, without sufficient 
relationship to practical application. 

For example, in the case of a beam subjected to a combined 
direct compression and side load, we arrive at differential equations 
for the bending moment which are of the simple and of the classical 
type of linear differential equations, with constant coefficients 
previously referred to. All my senior students have encountered 
these equations at some stage of their studies, yet to most of them 
the problem comes as a distinct shock. Again all our engineering 
students have at several stages in their educational careers, encoun- 
tered imaginary and complex numbers. But when they are asked 
to apply imaginary and complex numbers in the theory of airfoil 
forms obtained by conformal transformation, they seem to lack the 
ability to use the merest elements of the theory of the complex 
function. 

I should like to suggest, again with diffidence, to my colleagues 
who teach mathematics, that they glance through a book entitled 
‘*Caleulus for Engineers,’’ by the late Professor Perry of the Royal 
College of Science in London. Perry taught applied mathematics 
but was a distinguished electrical engineer. Unorthodox in man- 
ner and appearance, he wrote a highly unorthodox book in which 
he managed to use the calculus as a tool for the solution of prob- 
lems in heat engineering, in electrical engineering and the like, 
and what was more, to convince the reader that it was such a tool, 
and to show immediate and interesting examples of the use of this 
tool. 

* Presented at the 50th annual meeting, S. P. E. E. (Aeronautical), New 
York City, June 27-29, 1942. 
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His book did not have the order and symmetry of our classical 
work on the calculus, but it was a fine example of how mathematics 
might well be taught to our aeronautical engineers. 


II. Matsematics In AERONAUTICAL RESEARCH 


If, in the teaching of conventional aeronautics, equally conven- 
tional mathematics are adequate when properly applied in the 
aeronautical research, the most advanced mathematics will not 
suffice. 

Without attempting classification, I will cite a few examples 
where aeronautical problems seem to transcend the limits of mathe- 
matical knowledge: 


1. Dynamics of Motion of the Airplane 


In writing down the equations of motion of the airplane, two 
factors obtrude themselves. 


a. The aerodynamic forces vary as the square of the velocity. 
b. The aerodynamic characteristics of the body vary with its atti- 
tude to the air stream. 


As a result, the equations of motion become ineapable of solu- 
tion. Professor G. H. Bryan, as early as 1908 or 1909, met the 
difficulty by borrowing from Routh’s Dynamical Stability of Small 
Oscillations, and introducing the idea of resistance derivations. 
By the introduction of resistance derivations, and by limiting the 
displacement of the airplane to small magnitudes from the equi- 
librium condition, Professor Bryan was able to reduce the equa- 
tions of motion to linear differential equations with constant 
coefficients. There followed a theory of the dynamic stability 
of the airplane for small oscillations. By retaining the notion 
of the resistance derivative and introducing Heaviside operators, 
it is also possible to study limited motions of the airplane. But 
once the oscillations become large, or the application of the con- 
trols powerful, the resistance derivatives no longer apply, the 
equations of motion lost constancy in their coefficients and be- 
come insoluble. Even in studying a relatively simple maneuver, 
such as the dive and subsequent recovery, we have to resort to 
step-by-step integration, or to rational solution through a series of 
short intervals. More complex maneuvers, such as the barrel 
roll, have so far not yielded to analysis. A real opportunity would 
appear to exist for mathematicians to evolve a method of investi- 
gating all maneuvers or displacements whatever their magnitude 
and complexity. 
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2. Flutter 


The investigation of flutter is very similar in principle to the 
investigation of the dynamics of motion of the airplane. Resistance 
derivatives are again introduced, and solution of the equations of 
motion leads to a discriminant and the application of Routh’s Cri- 
teria of Stability. But after the criteria have been applied and 
it has been determined whether the wing is stable or unstable in 
the self-excited vibration which is termed flutter, there is tremen- 
dous complexity in interpretation. It is very difficult and very 
lengthy to determine what are the factors which are desirable and 
what are the factors which are undesirable. Graphical methods 
will shorten the labor of solution, but a rational mathematical 


process would be helpful. 


3. The Theoretical Design of Airfoils 


The earliest example of the mathematical design of airfoils goes 
back to Jonkowski in Russia, several years before the first great 
war. The method is one in which a cylinder and the flow round a 
eylinder are transformed by appropriate functions into an airfoil 
and the flow round an airfoil. The difficulty is that the airfoils 
derived by this method are not of the character which are both 
structurally and aerodynamically desirable. A number of modifi- 
cations of the Jonkowski process have been essayed by writers in 
England, France and Germany, but the most desirable modern 
sections, those with the position of maximum camber far forward 
have not been produced and again an opportunity exists for the 
expert mathematician. 


4. Elastic Instability of Thin Skin Covering 


To the mere engineer, no branch of theoretical physics is so 
frequently tantalizing as the theory of elasticity. Those simple and 
well defined problems which can be solved by the theory of elas- 
ticity, can either be solved by the approximate methods of strength 
of materials or else are of no particular interest. Those which are 
really of high practical interest do not yield to the methods of 
theory of elasticity. For example, there is no rigorous method of 
solving the problem of the flat plate in edge compression when 
working in conjunction with a channel or stringer. No more 
beautiful problem could be placed before the mathematician. 


5. Potential in Compressible Flow 


Once we grant that a perfect fluid, that is, one without viscos- 
ity, exists, we can set up a potential function and investigate with 
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facility the flow past a cylinder, or the airfoil into which a cylinder 
has been transformed. But the methods involve the hypothesis 
that the fluid is incompressible. When we are dealing with a com- 
pressible fluid such as air, there is no potential function to help us. 
It would be highly desirable to devise a potential function cover- 
ing the flow of a non-viscous but compressible fluid. 


CoNCLUSION 


Other problems might be cited, such as the rigorous solutions 
of the equations of motion of a viscous fluid past a boundary, the 
strength of a plate composed of different materials (i.e., plywood), 
the torsional strength of an irregular form. The message of the 
teacher of aeronautics to his mathematical colleagues is two-fold. 
In undergraduate instruction there should be application. For 
the research man aeronautics offers a boundless field. 





(Continued from page 387) 
sons, looking the other way, say it is a thing of beauty and should 
be a joy forever. Others admit that it needs propping up. Still 
others, I suspect, would like to see it topple over just for the fun 
of it. I think it should be both propped up and rebuilt according 
to a plan, remade piece by piece and promptly before it falls down. 
I imagine it may have to be many times reconstructed on still 
better plans. Thus, I think we need a thoroughgoing criticism of 
the present economic system, done very much in the manner and 
the spirit of Voltaire with his light but moving touch. And civil 
engineers along with the rest of society should learn to understand 
this criticism and to profit by it and to build in accordance with it. 

Voltaire was not the devil he was painted, neither was he a 
saint, neither are you economists, as probers of our present eco- 
nomic disorders. But you, like him, are doing a necessary job 
and I hope your skeptical followers may be as numerous as his. 
At any rate I want my students to be among them. 
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AVIATION MEDICINE IN THE EDUCATION OF 
AERONAUTICAL ENGINEERS * 


By JOHN D. AKERMAN 


Professor and Head, Dept. of Aeronautical Engineering, University of 
Minnesota 


We know that through mere necessity sanitary engineering had 
to collaborate very closely with the medical profession in problems 
where public health was concerned. It was obvious that the work 
that the sanitary engineer was doing had ultimate physiological 
effects on the human body. 

Aeronautical Engineering in the past was concentrating to de- 
velop the flying machine which operated at lower speeds, accelera- 
tion, and altitudes where the physiological effects on the pilot and 
crew were not noticeable or important. 

The art of design of flying machines is advancing to a stage 
where the flying machine is taking the human being into situations 
different than the ones he is accustomed to on the ground, or in 
other types of transportation. It is interesting to note that a 
standard textbook still in use has the following quotation: ‘‘The 
stratosphere, however, begins at too great a height (32,000 ft.) to 
be of much practical interest in aeronautics at the present time, 
and it will not be necessary to examine the properties of that layer 
in detail.’’ It is obvious that such a statement is obsolete today 
and any modern aeronautical engineer now is faced with two main 
problems : 


1. To develop flying machines with exceptional performance. 
2. To provide means so that the personnel of the plane can function 
properly during the performance of the plane. 


The responsibilities of the engineer to take care of the crew in 
the aircraft is not confined to flying at higher altitudes only. With 
the development of the flying machine, even at lower altitudes, the 
flying machine puts the human being in circumstances where his 
physiological well-being is affected. To name only a few of these: 
the effect of acceleration, fatigue, comfort and safety. 

Each of the items above is a big field undergoing large scale 
investigations and in many cases the effects of the functien of the 


* Presented at the 50th annual meeting, S. P. E. E. (Aeronautical), New 
York City, June 27-29, 1942. 
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flying machine on the human being have been found. In some 
eases the medical profession has found solutions to eliminate the 
bad effects produced by the flying machine on the human being, 
but most of the solutions are technical and have to be solved, or 
have been solved by engineers. A very interesting example of that 
is found in German literature in 1939 where the medical profession 
established that the pilot in a horizontal position can withstand 
much higher acceleration than in an upright or sitting position, and 
at that point the medical profession simply stated that it is the 
engineer’s problem to develop a machine in which the personnel 
could fly in a horizontal position. As a result in 1941 the first 
German planes were shot down with the pilots flying in horizontal 
positions. 

Another good example I migh refer to is the case in the United 
States and in Germany where the medical profession established 
the exact amount of oxygen necessary for pilots flying at different 
altitudes, but then the problem was thrown into the hands of the 
engineers to develop apparatus which would supply and meter out 
the proper amounts of oxygen to the human being at different alti- 
tudes and in different flight situations. 

The medical profession has discovered the bad effects of dif- 
ferent gases on the personnel of the flying machine but it is a prob- 
lem for the detail designers of the airplane to provide equipment 
which would rid the airplane of those dangerous gases. 

We might also look at the picture from the other side. 

Aeronautical engineers designed airplanes with such rate of 
climb that the change in altitude produced pains and it was the 
medical profession who showed the dangers to which the pilot is 
exposed in such a climb and also a way to avoid these pains. 

Aeronautical engineers designed supercharged cabins but it 
was the medical profession who brought to the attention of the 
designers the dangers to which the crew is exposed, particularly 
military aircraft in such supercharged cabins, and again it was 
left to the engineer to modify the supercharged cabins or re-equip 
them so that the danger would be eliminated. 

Those are a few cases which demonstrate the interdependency 
of the work of the aeronautical engineer and the man in Aviation 
Medicine. Many other cases could be cited but are omitted from 
this paper for reasons of secrecy. 

The whole thing might be summarized in two statements: 


1. The flying machine has advanced so far that many times the 
human being cannot follow the functioning of the machine. 

2. The human being can perform those functions, provided the 
plane is properly equipped to take care of the personnel. 
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At the present writing there is not an airplane company or air 
transport company which does not recognize the importance of the 
physiological effects on the crew and that sometimes those effects 
terminate or limit the proper functioning of the airplane. Airline 
pilots and test pilots have all recognized the necessity of becoming 
acquainted with the physiological problems affecting the human 
being in different flight positions, and most of them have devoted 
considerable time getting acquainted with the work of the medical 
profession. In most cases they are faced with the problem of the 
medical profession stating that such and such equipment or pro- 
vision should be installed on the airplane, but when they returned 
to the airplane, such equipment was not available or impossible 
to install. 

Naturally the problem went back to the engineer to install this, 
change this, or develop this, on the airplane in order to take care 
of the personnel. 

Now, in turn the engineer was faced with the problem of devel- 
oping equiment the purpose of which was not clear to him. In any 
rational engineering problem the first requirement is for the engi- 
neer to know what the function of his product should be and then 
produce the best equipment. 

A very familiar case which I might quote concerns the require- 
ments given to the engineer stating that in supercharged cabins a 
definite amount of air is required per man per minute. The engi- 
neer faced with such simple specifications met the requirements 
but with results sometimes far from those desirable. 

I am very pleased to note that the most progressive airlines and 
airplane builders have all detailed men on their engineering and 
research staffs to study the physiological effects on the crew as 
imposed by the flying apparatus or equipment, and many of the 
men are trying to study those questions by reading medical litera- 
ture or directly associating with personnel of Aviation Medicine 
sections. How well pleased those companies would have been if 
they could have found their engineering or research staff men al- 
ready well-versed and familiar with basic principles of physio- 
logical effects on the human being produced by different flying 
situations! It seems reasonable that the modern aeronautical 
engineer who will be participating in the design, or maintenance, 
or operations of modern aircraft should have some background at 
least in a general way of information on the physiological effects 
this flying equipment might produce on the personnel. How the 
problems will be presented in the future to the aeronautical engi- 
neering students in different institutions is still an open question 
with room for suggestions and trials, and for the sake of construc- 
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tive criticism I am presenting some facts on the pioneering work 
in this line done at the University of Minnesota. 

In 1935 the Department of Aeronautical Engineering at the 
University of Minnesota created a professorship in problems per- 
taining to the stratosphere. As an elective course it turned out to 
be very popular with the students but a very troublesome course 
for the professor because in the course of study and research in 
the problems pertainirig to the stratosphere, he was faced with a 
situation where he did not know what he should know about the 
stratosphere, and once he found a topic which he should know 
about high altitude flying he very often did not have the solution 
for the problem. But even at that many creative ideas and prob- 
lems were undertaken and solved, which have resulted in practical 
application for everyday use on modern aircraft. 

It was natural that he immediately was faced with some physio- 
logical problems for solution or investigation on which he had to 
have the help of the medical profession. 

In the school year 1939-40 a close codperation by the Depart- 
ment of Aeronautical Engineering and the Aero-Medical unit of 
the Mayo Clinic was established, and the senior class of that year, 
through trips to the Mayo Clinic, and through discussions in Semi- 
nar, had the opportunity, I should say, to expose themselves to 
some of the work of the Aero-Medical unit of the Mayo Clinic. 
Students and faculty members made ascensions in the high alti- 
tude chamber at the Mayo Clinic and often volunteered as subjects 
for collection of data. 

During those contacts it was obvious to the personnel of the 
Aero-Medical unit of the Mayo Clinic and the faculty of the 
Aeronautical Engineering Department of the University of Minne- 
sota that it would be advisable to establish a permanent contact 
between the two departments, and as a result the Mayo Foundation 
gave a generous fellowship for one man; so that, he could spend 
half time at the Aero-Medical unit in Rochester and half time in the 
Department of Aeronautical Engineering and that the work for 
a Master’s Degree would include work where the physiological and 
engineering problems were interwoven. 

As the first fellow, whom I would like to call the ‘‘ missing link’’ 
between Aviation Medicine and Aeronautical Engineering, Mr. 
Norvin E. Erickson, was chosen, and his work in the Mayo Clinic, 
although handicapped by 20-letter words and medical terminology, 
was so satisfactory that the next year the Mayo Foundation agreed 
to continue this type of fellowship, and as soon as more funds 
are available at the University of Minnesota, similar fellowships 
will be established. 


(Continued on page 401) 
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By J. H. RUSHTON 
Professor of Chemical Engineering 
AND 
H. C. HESSE 


Associate Professor of Mechanical Engineering, University of Virginia 


Chemical engineering, as the vigorous younger brother of the 
family of engineering professions, has doubtless profited by the 
experiences and mistakes of the older generation. In common 
with many juniors of a family group, however, the newest field of 
engineering practice has fallen heir to much of the non-chemical 
material that the older branches of the professions have found 
useful, and which must therefore (in their opinion), be of interest 
and utility to the chemical engineer. 

We all recognize the value of basic courses in mathematics, 
graphics, and mechanics, and realize that a successful career in 
any branch of engineering is impossible without their aid. It is 
somewhat more difficult, however, to see why courses in strength 
of materials, machine and structural design, and allied material, 
designed and planned for civil and mechanical engineers, should 
be presented to the chemical engineering student without extending 
the adaptations to his special interests and applications. The 
present-day courses in chemical engineering curricula in strength 
of materials and design are broad in theory, but are usually taught 
without an appreciation of chemical engineering applications. In 
many instances, the courses in structural and and machine design 
are too limited for the chemical engineer, because they stress only 
those problems usually encountered in the mechanical processing 
fields. The rapid development of chemical processing has re- 
sulted in a demand for equipment such as heat exchangers, auto- 
claves, stills, etc., on which there is comparatively little empha- 
sis in other branches of engineering, although the basic design data 
are essentially of a mechanical rather than a chemical character. 
This state of affairs calls for development of a more suitable course 


* Presented at the 50th annual meeting, S. P. E. E. (Chemical Engineer- 
ing), New York City, June 27-29, 1942. 


396 




















CHEMICAL ENGINEERING EQUIPMENT DESIGN 397 


to extend the basic principles of strength of materials and design 
to the chemical equipment field. 

At Virginia we have combined the courses in Strength of Ma- 
terials and Machine Design into one carefully integrated course 
in the Design of Chemical Engineering Equipment. This course 
has been in operation during the past three years and we feel that it 
has been a step in the right direction and is broadening the appli- 
cations of basic theory. It is taught by a man whose experience 
has been in the field of equipment design, and its content and em- 
phasis are dictated by the needs of the chemical engineer. 

The course is intended to give the young engineer an insight 
into the fundamentals of design of chemical equipment. The 
technique used varies from the ordinary concept that strength of 
materials courses and design courses are separate entities; the re- 
sults, however, seem to indicate that these two courses not only can 
be given as one, but that it is probably desirable to do so. We are 
not attempting to make the graduate chemical engineer a design 
specialist for a chemical equipment manufacturer—that is still the 
function of the mechanical engineer. The chemical engineer must, 
however, have a sufficiently comprehensive picture of the design 
field so that he may realize the possibilities and limitations of 
equipment construction and installation. He should be able to 
make preliminary studies of designs so that comparative equipment 
costs can be estimated at an early stage in process developments. 
He must be able to transmit plans and ideas, consistent with the 
chemistry involved, to designers of commercial equipment, and to 
suggest or make inquiry for the use or adaptation of standardized 
or stock equipment, without too much reliance upon the opinions 
of equipment salesman. He should be able to modify or redesign 
existing equipment for processes in operation. Thus the chemical 
engineer requires a specialized course in design, selection, and 
adaptation of equipment, based upon the fundamentals of the 
usual courses in strength of materials and machine design. 

The course is given in the senior year after the student has com- 
pleted all of his physical chemistry, studies of the process industries, 
and unit operations. The students are somewhat matured by this 
time, have the background to appreciate the significance of the 
work, and ean absorb a large quantity of material in a short time. 
At present the course is given in a nine week term with three lec- 
ture hours, and two laboratory periods of three hours each, per 
week. We are planning to extend the course time by adding an 

extra lecture hour per week and possibly a few more laboratory 
hours. This time would then be equivalent to a semester program 
with three lectures and six laboratory hours per week. The out- 
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lines of the course which follow show the content of the lectures, 
the laboratory (principally drafting room) work, and the correla- 
tion between lecture and laboratory. A minimum of one and one 
half hours of study, preparation, and preliminary problem work for 
each hour of lecture time is presumed. Lecture material, pre- 
liminary problems, and laboratory assignments are furnished to the 
student in mimeographed and print form, although we hope to 
expand this material into a suitable text in the near future. 


OUTLINE OF LECTURE COURSE FOR 
THe DEsIGN OF CHEMICAL ENGINEERING EQUIPMENT 


1. INTRODUCTION 
Interrelation of material characteristics and properties with 
design procedure; review of methods of measurement and 
specification ; graphic representation and convention. 

2. ELEMENTARY STRESS ANALYSIS 
Elasticity, plasticity, fatigue, creep, gas embrittlement, ete. ; 
simple stresses; deformation; tensile testing and application 
of stress-strain diagram. 

3. ELEMENTARY STRESS ANALYSIS 
Proportional and elastic limits; yield point; comparison of 
induced and design stresses and factor of safety; analysis of a 
cottered joint as an example of simple stress analysis. 

4. RiveTepD VESSELS 
Analysis of stresses in walls of cylindrical vessels subjected to 
internal pressure; description and analysis of riveted joints; 
riveted joint efficiencies. 

5. RiveTeD VESSELS 
Summation of ASME Unfired Pressure Vessel Code; descrip- 
tion, proportions, and selection of flat and dished heads; man- 
holes and closures. 


6. WELDED VESSELS 
Description of welding and allied processes; summation and 


application of ASME-API Code for welded pressure vessels. 


. WELDED VESSELS 
Summation and application of ASME-API Code for the design 


of reinforcement for openings; spherical and hemispherical 
vessels ; jackets. 

8. MECHANICS 
Graphical statics; analysis of forces in brackets, supports, and 
trusses ; definition and types of beams and beam loadings. 

9. MECHANICS 
Beam stress analysis; shear and moment diagrams; moving 


loads. 
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11. 


13. 


14. 


15. 


16. 


17. 


18. 


19. 


21. 
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StructTuRAL DEsIGN 

Summation and application of AISC Code for Structural De- 
sign ; allowable stresses for rivets, welds, tension and compres- 
sion members, and beams; column design. 

StrucTurAL DEsIen 

Design of riveted joint trusses and brackets; types of loads; 
selection and specification of members and rivets. 


. StrucTURAL DESIGN 


Design of welded brackets, supports, and attachments. 
CoMBINED Stress APPLICATIONS 

Principal stress analysis and theory; primary and secondary 
stresses in riveted joints; stress concentration. 

THREADED F'ASTENINGS 

Description and application of screw threads and bolted joints ; 
initial tightening stresses; design of bolts for pressure vessel 
heads and closures. 

CLOSURES 

Analysis of plate and cover designs ; summation of ASME-API 
Code for cover and removable head design; gaskets and 
packing. 

PLATES 

Plate theory; design of fractionating column plates and 
supports. 

Prres, TUBES, AND ATTACHMENTS 

Tubing design formulae; pipes, pipe threads, and fittings; 
valves, sight glasses, and thermometer attachments; expansion 
joints. 

EXTERNAL PRESSURE VESSELS 

Summation and application of ASME Unfired Pressure Ves- 
sel Code for vessels subjected to external pressures; design of 
tubing for external pressures and for high temperatures 
Power TRANSMISSION—BELTING AND CHAINS 

Power units; summation and application of ALBA data for 
leather belt selection and design; analysis and application of 
rating and design tables for V-belt and V-fiat drives; analysis 
and application of rating and design data for chain drives. 


. Power TRANSMISSION—GEARING 


Description of gearing ; principles of operation ; velocity ratios ; 
design charts for spur, bevel, and worm gear selection; ap- 
plication of helical gearing to special center distances. 

Power TRANSMISSION—SPEED REDUCERS 

Description of geared and other types of speed reducers; 
summation and application of AGMA data for geared speed 
reducer selection. 
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22. Power TRANSMISSION—SHAFTING 
Analysis of torsional stresses; summation and application of 
ASME Code for the Design of Power Transmission Shafting. 

23. Power TRANSMISSION—BEARINGS 
Bearing types and principles; design and selection of plain 
bearings; summation and application of manufacturer’s data 
on ball and roller bearing selection and application. 

24. Bases AND SuPPoRTS FOR MAcHINERY 
Comparison of cast and welded construction for machine bases ; 
base design ; vibration-free bases. 

25. Bases AND FouNDATIONS 
Reinforced concrete construction; summation and application 
of AISC Code for the design of beams and slabs; foundation 
design. 

26. Non-METALLIC CONSTRUCTION 
Wooden beams; wood tank construction; glass and other 
linings. 

27. PLAsTIcs 
Types; fabrication; applications and design details. 


LABORATORY ASSIGNMENTS AND PROJECTS TO ACCOMPANY THE LEc- 
TURE COURSE IN THE DESIGN OF CHEMICAL ENGINEERING 
EQuIPMENT * 


Periods 
Lee. Lab. 
1. 
2. A _ Isometric Layout of Acid Tank Piping System. 
3. B- Tensile Testing Experiments in Structural Laboratory. 
4. 
5. CC) Design computations and detail drawings of a benzene 
6. Dj still (cylindrical pressure vessel) with riveted joints. 
7. 
8. E) Design computations and detail drawings of a welded- 
9. FF joint autoclave with flat heads and reinforced openings. 
10. 
11. G) Analysis of a roof truss to determine the feasibility of 
12. Hj attaching supports for overhead storage tanks. 
13. 
14. J 
15. K\{ Design computations and detail drawings of a shell and 
16. tube heat exchanger. 
i. 
18. N 
19. Design of a fractionating column plate. 
20. P 


* Lecture hours are correlated with laboratory periods, and are indicated by 
letters, and consist of three hours each. 
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21. Q Design and selection of flat belt, V belt, and chain drives 
22. for a gyratory crusher. 

Design of spur and helical gear drives for dryer kiln. 
Analysis of countershafting for a ball mill. 


bo 
Go 
Ra 


26. TT Selection of a worm-gear speed reducer for a motor- 
driven diaphragm pump; design of welded base for unit. 

27. U Design and detail drawings of foundation for absorption 
tower. 





(Continued from page 395) 

The training of those Fellows was well appreciated by industry 
which offered generous salaries to hire those Fellows and by the 
Army Air Corps who left the present Fellow at the Mayo Clinic 
even though he was a commissioned officer in the United States 
Army Air Corps Reserve. 

As a result of those Fellowships and close codperation of the 
personnel of those two departments in research problems, the 
students of the Department of Aeronautical Engineering, who have 
expressed a desire to get acquainted with the physiological ques- 
tions met in aviation, have had ample opportunities to do so. This 
close codperation of the two departments has not been one-sided for 
the benefit of aeronautical engineering only but has also helped in 
many cases the medical men, and many research problems now 
going on at a national scale have been possible only because of this 
close codperation. 

The value of this coéperation was appreciated by the medical 
men and was expressed by Dr. Randolph Lovelace when he donated 
funds to the Aeronautical Engineering Department to secure a 
high altitude chamber for use at the University, thus helping the 
Department to keep abreast and continue teaching and research in 
problems pertaining to high altitude flying which the department 
started in 1935. 











COLLOID CHEMISTRY IN CHEMICAL ENGINEERING 
COURSES 


By ERNST A. HAUSER 


Associate Professor in charge of Colloid Chemical Laboratories, Massachusetts 
Institute of Technology 


We are offering in the first term of the academic year a course 
entitled ‘‘Introduction to Colloid Chemistry,’’ which is designed 
specifically to cover the chemistry and properties of colloidal sys- 
tems. The chemistry, properties and uses of organic and inorganic 
plastics and elastomers is taught in a special course. Also we are 
offering an elementary laboratory course in colloid chemistry. In 
the second term a course is given in advanced colloid chemistry and 
a course covering the industries based on colloidal raw materials. 
Also an advanced laboratory course is given. If warranted by 
registration, the introductory course and the one dealing with plas- 
ties are also offered in the second term. Although these courses are 
are also offered in the second term. Although these courses are 
listed as elective graduate courses, seniors, and juniors of high 
standing, are permitted to enroll. 

For students in the departments of biochemistry and biologi- 
eal engineering the introductory and advanced courses in colloid 
chemistry have been compulsory for a number of years. The 
curtailment in the teaching staff in the chemical engineering de- 
partment has postponed at least for the duration making the 
elementary course compulsory for students enrolled in chemical 
engineering. However, following the old proverb that the best 
proof of the pudding is in the eating, compulsory enrollment is 
secondary in importance to enrollment by free will. This is espe- 
cially the case if other elective courses are offered which are defi- 
nitely easier. Therefore a glance at the enrollment figures for 
some of these courses is enlightening. The registration for the 
elementary course in the academic year 1935-36, when it was of- 
fered for the first time was 20. In 1936-37 it increased to 35, in 
1937-38, 45; 1938-39, 52; 1939-40, 65, and in 1941-42 there were 88 
students enrolled. 

The course in high molecular compounds which was offered for 
the first time in 1940-41 showed an enrollment of 40 in both terms, 
and in the first term of 1941-42 it increased to 55. Another indi- 
cation that the students are taking an increasing interest in this 
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field of science, and particularly in its application to chemical 
engineering, is the constantly increasing number of students seek- 
ing thesis subjects in these fields. This development indicates 
better than any propaganda write-up that colloid chemistry has 
finally, admittedly after a hard struggle, won its place in the cur- 
riculum of a chemical engineering student who wants to keep 
abreast of modern developments. 

Unfortunately there are still many ‘‘dyed in the wool’’ teachers 
of chemistry who take the attitude that colloid chemistry is nothing 
more than fumbling around with impure systems and that nothing 
can be gained by stubbornly pursuing the study of colloidal pheno- 
mena. This attitude is serious and dangerous because industry 
realizes more and more how important at least a basic knowledge 
is if not a complete one of colloidal phenomena and properties of 
matter when in the colloidal state. 

I believe that the simplest way to explain this all-important 
point would be to cite a number of specific examples : 

The problem of heat transfer in chemical equipment is as we 
all know, of extreme importance. We have gone quite far in the 
evaluation of this factor under most varied conditions. However, 
very little has been done to find satisfactory explanations for re- 
sults which are not in accord with theoretical calculations. The 
effect which films of colloidal or even molecular dimensions have on 
the changes in heat transfer from a surface is known, but very 
little has been done toward a systematic study of it. It is not at 
all necessary for a highly polished surface to become coated to 
cause a noticeable change in heat transfer, but by filling up any 
surface irregularities the heat transfer of the system is bound to 
change. The prevention of such scale formation by the use of 
dispersing agents or protective colloids, as the case may be, is one 
of the many examples where colloid chemistry is directly applicable 
to a unit operation. 

Inasmuch as colloid phenomena are quite generally the result 
of reactions occurring in greatly developed surfaces, it is only 
natural that anything in which surfaces play a prominent part is 
of colloidal nature. Therefore, problems of filtration and adsorp- 
tion call for a colloidal approach even if the reacting substances 
as such are not necessarily colloids by customary definition. Too 
seldom does one realize that rate of filtration and drying of the 
filtercake are not solely controlled by the type of substance or its 
particle size, but by particle shape and the entire prehistory of the 
suspension have a great deal to do with the rate of filtration and 
subsequent drying. If we make a fine particle size suspension of 
a given substance, stabilizing one part of it either by increasing 
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the electric charge of the particles or by the use of protective col- 
loids and adding sufficient electrolyte to the other part to cause 
flocculation, a noticeable difference in the rate of sedimentation or 
filtration as well as in the sedimentation volume will result. 

I could keep on enumerating such examples but I would like 
to limit myself to these and refer to some specific industrial ap- 
plications. Nevertheless it should be evident from the foregoing 
that the teaching of colloid chemistry to the chemical engineering 
student is of extreme importance even in such basic fields as unit 
operations which have always been considered specific and sacred to 
the chemical engineer. Naturally this calls for the teaching of 
colloid chemistry in a somewhat different fashion than it might 
and probably should be taught in a curriculum devoted strictly 
to chemistry. Very few outside of the ranks of the professional 
colloid chemists and the progressive paper manufacturers have 
realized that the successful sizing of paper is the result of an ex- 
tremely complex electrokinetic reaction between the negatively 
charged paper fibre, the negatively charged rosin emulsion, and the 
alum which dissociates into positive aluminum and negative SO, 
ions. While the SO, ions combine with the alkali of the rosinate, 
thus depriving the emulsion of its stabilizer, the aluminum ions 
cement the rosin and the paper together. The ill-famed pitch 
problem also calls for knowledge of colloidal phenomena. That 
it ean be successfully solved as a result of colloidal research has 
recently been demonstrated in one of the largest paper mills of 
this continent and this work has been done by a man who had taken 
courses in applied colloid chemistry in his chemical engineering 
curriculum. 

The inroads which colloid chemistry has made in ceramics 
during the last years are beginning to tell. Not only has this new 
approach to this age old craft enabled us to explain a number of 
facts for which classical chemistry could not find any answer, it 
has begun to change the entire production of certain articles. I 
believe there is no need to emphasize the fact that a chemical engi- 
neer without any knowledge of the colloid chemical background of 
the industry could not very well be considered the ideal man to be 
put in charge for redesigning the plant. 

Even an industry as remote from what we generally consider a 
chemical industry as the laundry industry is full of colloidal 
problems. The chemical engineer should know all possible about 
water-softening, water-purification, and water-conditioning. It is 
not sufficient in my opinion to obtain such information, when the 
situation demands it, from pamphlets issued by companies interested 
in the sale of such agents. Neither is it sufficient to consult a 
library for some of the more recent scientific publications on this 
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subject. To do a good job it is essential that the chemical engi- 
neer be fully familiar with the fundamental phenomena involved. 

I have purposely omitted discussing catalysis since this has 
already been taken care of in the preceding program. I do, how- 
ever, want to point out that heterogeneous catalysis in particular is 
strictly a colloidal phenomenon. 

At the end of my discussion I want to spend a few minutes on 
a subject which is today very much in our minds: Rubber and 
plastics. 

The rubber industry, and in particular that part of it which 
applies to liquid rubber latex, is a colloid industry par excellence. 
Here the chemical engineer with a well-founded knowledge of col- 
loid chemistry finds himself in a paradise. Every step in the 
processing of crude rubber and in the production of finished rubber 
articles direct from latex is based on properties typical of colloids 
or colloidal systems. For example the changes rubber undergoes 
on the mill, the compounding process, and the process of vulcaniza- 
tion, controlled coagulation of latex, and many others. The advent 
of synthetic elastomers and the increasing number and importance 
of synthetic plastic resins have put a new burden on the up-to- 
date teaching of applied colloid chemistry. It has become necessary 
to introduce detailed discussions of the mechanism of polymeriza- 
tion as well as the methods applied, to elaborate on the structural 
changes of the substance during polymerization, to explain the 
structural differences between thermoplastic and thermosetting 
materials. 

It would be a grave mistake to take the attitude that all this is 
of no importance to the chemical engineer and should be reserved 
for the domain of the chemist. We are once again at the thresh- 
hold of a new synthetic industry, easily comparable in importance 
to the development of the dyestuff industry in this country after 
the first World War. We shall need an ever increasing number 
of well-trained chemical engineers, especially qualified to build, 
run, and constantly improve this new chemical venture. But to 
be.so qualified means to me to have as complete a knowledge as 
possible of every step involved in the production of these new 
materials and not only to know—perhaps—what they are, what 
purpose they should serve, and what their appearance is. 

I am fully aware that what I have presented cannot be considered 
a finished picture such as an artist would display; it represents 
merely a rough sketch. Even if I should have the material at my 
disposal to finish the picture, I am afraid that the time necessary 
would not be available during this meeting. I believe, however, 
that even the sketch will suffice to emphasize the points which have 
convinced me that colloid chemistry has become an essential factor 











406 COLLOID CHEMISTRY IN CHEMICAL ENGINEERING COURSES 


in modern industry and therefore an essential part in the training 
of our future chemical engineers. 

However, as a result of several years of teaching experience in 
this particular field I am equally convinced that colloid chemical 
engineering must be taught differently than colloid chemistry is 
being taught as a rule. A successful colloid chemical engineer 
must not only be in possession of the fundamental laws controlling 
colloidal phenomena, he must also be able to see how and when to 
apply this knowledge correctly. This calls for a keen observation. 
It is therefore necessary to encourage the student to improve his 
powers of observation and to teach him how to make full use of 
them when trying to solve all kinds of industrial problems. 

I can say without hesitation that we have been extremely suc- 
cessful in this respect by introducing into some of our courses in 
colloid chemistry what we term experimental quizzes. The profes- 
sor performs a few experiments in front of the class disclosing in 
detail to the student every step of the experiment. The student 
has then to offer a written explanation of the phenomenon ob- 
served, or the mechanism of the reaction he has witnessed. One 
may compare this type of quiz in colloid chemistry with the custo- 
mary problem type of teaching in other fields of chemical engineer- 
ing. I consider the results of such quizzes most enlightening from 
the point of view of the student’s future success in his employment. 
I have frequently found that students showing high ratings in 
regular quizzes failed completely in experimental quizzes, whereas 
others of medium standing excelled in these experimental problems. 

I do not know your reaction to these facts, but from the point of 
view of an industrialist employing a young man as a chemical 
engineer, I certainly would take the one who, even if not abso- 
lutely tops in reading tables or setting up equations, could use his 
eyes as a first-class tool for observation. 
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EXPRESSION AS AN ENGINEERING TECHNIQUE * 


By JOHN J. 0’NEILL 
Seience Editor, The New York Herald-Tribune 


Every expression in writing is an experiment in communicat- 
ing knowledge. For this reason we should adopt functional princi- 
ples of design in formulating our written expressions. They should 
be entirely utilitarian. This plan does not eliminate but, of neces- 
sity, includes esthetic considerations. 

There is a high order of correlation between beauty and clarity 
of expression. A slovenly designed and constructed sentence is an 
unsafe container of knowledge. 

An individual’s mode of expression in written language is an 
integral part of his personality, as much as his mode of speech, 
his manner of walking, the shape of his nose or the proportions of 
his body. This would appear to be a fatalistic viewpoint which 
would condemn some individuals to a limited expression, but this 
is not necessarily the case. Nature provides a wide range of lati- 
tude in the utilization of all of our faculties. Rarely does the best 
endowed individual use more than a small fraction of his ability 
for formulating clear, terse information. The poorly endowed 
individual by developing and using a larger fraction of his ability 
can equal in quantity and quality, the average output of the better 
endowed individual. 

Use of written language presupposes the need for conveying 
knowledge. The greater the amount of knowledge possessed by the 
writer the greater is the amount of information he can load on the 
smallest number of words, and the greater is the clarity of expres- 
sion that he can achieve. 

Self assurance on the part of the writer concerning the pos- 
session of knowledge is of greatest aid in achieving clear, forceful 
expression that carries assurance to the reader that what is read is 
worth assimilating into the body of knowledge already possessed. 
Beauty of expression makes the calories of knowledge more 
appetizing. 

A piece of writing should be as much a living thing as a new 
born child, and should pass through the same cycle of creation. 
There should be a very specific reason for creating a piece of liter- 
ary composition, technical or otherwise. Without the reason for 

* Presented atthe Dinner Meeting of the English Division, 50th Annual 
Meeting, S. P. E. E., New York City, June 27-29, 1942. 
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its existence a composition will be an amorphous mass of words. 
The reason for writing any kind of a composition determines its 
structure, style and content. The reason for the existence of a 
composition corresponds to the conception of a child. It is at 
this point that the new individual receives, through the mechanisms 
of heredity, the pattern of its future form and all that makes up 
its existence. The basic idea, for a composition, in the mind of 
the writer is in the same situation as the fertilized ovum in the 
womb of its mother. The idea must be supplied with nourishment 
in the form of specific data and information. There is a right time 
for child and a composition to be born. Many a foetus is resorbed 
into the mother’s body and this should happen with a composition 
when it is found that the reason for its existence cannot be justi- 
fied. 

Before actual composition is started all necessary information 
should be on hand or the supplying of it, as needed, should be 
assured. Just as a child, to be a useful member of society should 
bear all the parts, mechanisms and functions that identify him as 
such and permit him to fit into the activities of the rest of the race, 
so should every composition be supplied with all the information 
that will enable it to make an interlocking fit with all other con- 
tributions to knowledge with which it will make contact. Until 
the composition has been so shaped it is not ready to be born. 

Each composition, or article, is a stone in the temple of knowl- 
edge, some mechanism useful in the shaping of the stones, or some 
revelation concerning the blue print of the unknown plan of the 
temple or the use of the functioning portions of the edifice. A 
writer, once he has ascertained that his stone is compounded of and 
is four square with truth, should not be fearful concerning its 
place in the temple because its place seems to be far from the 
foundation. It may be the foundation stone for a very useful fly- 
ing buttress, or a new wing. Nor should the contribution be de- 
spised because it is just one stone in the slowly rising walls—for of 
such is the temple constructed, and without them there would be no 
structure of knowledge. 

It is the observation of the writer, in a long experience in writ- 
ing articles on scientific subjects for newspapers and magazines, 
that there is an emotional factor involved and that the subcon- 
scious plays as important a part as the conscious realm of our men- 
tality in producing an article against a fixed time deadline. During 
the past decade his published output has averaged more than 300,- 
000 words a year, half of it in articles of more than 1,000 words and 
the remainder in minor items. Unpublished books and articles 
(written usually for the purpose of !etting off steam) poems, songs 
and correspondence would double the foregoing figures. 
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The chief item in my output has been a ‘‘lead’’ article of about 
1,500 words on a scientific subject which must be timely in nature 
and must be finished by 4 p.m. on Wednesday of each week, along 
with an equal number of words in many smaller items, plus photo- 
graphs for illustrations. In 15 years nearly 800 such articles have 
been written and at times the matter of subject, or ‘‘reason’’ for 
writing, becomes a problem. Current events frequently determine 
my subject; at other times the problem becomes more acute. I am 
always assembling material in my files for future use, and these 
folders frequently supply nourishment for an idea. 

I decided recently, for no good reason, to write an article on 
weather, a subject of perennial interest. I read my accumulated 
files which proved to be an utterly useless mass of absolutely sterile 
material. The major part of a day wasted, including mail, tele- 
phone and visitors. Why did I pick the weather as a subject? 
Too late now to change and do an equal amount of research on some 
other subject. I should start three days sooner to allow for such 
situations. I can’t fail to produce my material on time! Re-ex- 
amination of material. Hopeless. Three or four cigarettes to boil 
the cerebral protoplasm. No ideas. Nice weather out. Why 
didn’t I do this article three days ago and take today off. Wonder 
if we will have a warm summer. Might be able to guess if I had 
some data from the polar regions. Wonder if the polar high pres- 
sure air mass is tilting back toward the American side; it was over 
the Russian side last winter producing severe temperatures on the 
battle fronts. Must have dropped off so many chunks of its cold 
air mass that it will probably oscillate toward Alaska and drop them 
off there next winter, meaning cold weather on this side of the 
world as the cold air masses slide down from Alaska. Boy, bring 
the latest editions of the papers—usually left unread. Eye catches 
headline about military activities in Aleutian Islands; operations 
hindered by bad weather. There was my story! Aleutian Islands 
as the weather Garden of Eden, where storms are born. Some 
data left over from my studies of Russian weather came in useful. 
Most of my material came from my memory files, talks with meteor- 
ologists which never blossomed into a story. A telephone call to the 
Weather Bureau to clear some doubtful points. My story framed 
itself beautifully into a background of front page news. It almost 
wrote itself. I hardly had to do a thing, just feed the pages into 
the typewriter. Six triple spaced pages and the story was ‘‘born.’’ 

The details are different each week but the basic situation and 
the net results are always the same. Only a particular type of 
individual would get himself into and out of situations in that 
irrational manner. Fortunately, or unfortunately, that seems to be 
the type that survives in the writing game. 














THE GENESIS OF THE COOPERATIVE IDEA * 


By CLYDE W. PARK 


Professor of English, College of Engineering and Commerce, University of 
Cincinnati 


Although Herman Schneider is rightly considered to be the 
founder of the codperative system of education, his own wish was 
to avoid an assumption of single-proprietorship and to recognize 
his indebtedness to people and circumstances. The question of 
crediting arose pointedly in 1915. I was writing an account of 
the codperative system, which was published a year later as Bulletin 
37 of the United States Bureau of Education. At that time the 
system was often referred to as the ‘‘Schneider plan’’ or the ‘‘ Cin- 
cinnati plan,’’ since it was associated exclusively with the name of 
its founder and with the University at which it had been in opera- 
tion for nearly a decade. I asked Dean Schneider his preference 
as to the use of these and other identifying expressions. He 
strongly opposed including the name of a person or a place in the 
designation of the codperative system. He believed, he said, that 
the system was bigger than one man’s ideas or one college’s par- 
ticular application of its principles. Out of respect for his definite 
views on this point, I made the story much more impersonal than 
I had intended. 

It is true, as Dean Schneider said, that the codperative plan was 
broader than any localized version of it would suggest. It is also 
true, as he frequently pointed out, that by its very nature the plan 
was not a one-man enterprise, but called for team work in the 
joint efforts of many participants. But in the beginning there had 
to be something around which team work could be organized. In- 
dividual inventiveness and initiative was required to create the 
plan, some one’s persistence was needed to launch it, and its suc- 
cessful operation called for a high quality of leadership. 

Because the origin of the codperative system is inseparably 
linked with the character and experiences of its founder, the growth 
of the idea must be traced largely in biographical terms. Through 
the accident of circumstances and the dictates of his own inclina- 
tions, Herman Schneider received a kind of training which antici- 


* Presented at the 50th annual meeting, S. P. E. E. (Codperative), New 
York City, June 27-29, 1942. Part of the paper is condensed from a biography 
of the late Dean Herman Schneider. 
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pated many points of the codperative system. The significance of 
this fact was not clear to him until some years later, when as an 
instructor he began to think about the training of young people. 
Then he drew heavily upon his own experience, which he believed 
had been sufficiently typical to make it a trustworthy guide for 
students. Derivation of educational principles came afterward, as 
did also philosophical conclusions regarding methods and objectives 
in education. 

Early in life Herman Schneider had some elementary prepara- 
tion for the relating of education to industry. Born at Summit 
Hill, Pennsylvania, in 1872, he grew up in a mining community 
in which boys learned to work as a matter of course. For several 
years his spare time was occupied with odd jobs in his father’s 
general store. At the age of fifteen, having finished the instruction 
offered by the local schools, he received permission from his family 
to go to work at a mine. At that time the standard day was ten 
hours long and the average wage for this class of labor was fifty 
to seventy-five cents a day. Though he was classified as a‘‘ breaker 
boy,’’ Herman’s principal task was to do errands for the mine’s 
construction crew. In effect, he was personal assistant to the boss 
of the gang, a one-armed carpenter. This man allowed young 
Schneider to serve as his pencil and saw, and gave him extensive 
practice in laying out work or cutting patterns for the other men. 
He took a fatherly interest in his young helper and offered some 
advice. ‘‘If I had your education,’’ he said, ‘‘I’d study engineer- 
ing and learn to make blue prints. Then you could tell other peo- 
ple what to do.’’ 

Whether he was influenced mainly by this suggestion or by the 
example of his older brother Anton, who was studying civil engi- 
neering at Lehigh University, Herman Schneider made up his mind 
to go to college. After two years of preparatory work, and health 
building, at the Pennsylvania Military Academy, he entered Le- 
high University as a student of architecture. 

Soon after his arrival at Lehigh young Schneider obtained part- 
time employment with A. W. Leh, a local architect and construc- 
tion engineer. Schneider served as messenger or ‘‘blue-print boy’’ 
on Saturdays and in free hours during the week. In time he ad- 
vanced to minor design and some supervision. At the office he 
picked up numerous ideas about construction as he watched the 
growth of various projects that were handled by his employer. 
Also, he had frequent recourse to reference works in Mr. Leh’s 
collection, most prominent of which was the office Bible, a copy of 
Kidder’s ‘‘ Architect and Builder’s Pocketbook.”’ 

The alternation of study in college with related practical work 
was accidental in Herman Schneider’s case, but a planned combi- 
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nation of the two could hardly have been better arranged. Even 
so, the educational value of his labor might have been much less 
except for the personal assistance given by his employer. Mr. Leh 
had approached architecture and structural engineering mainly 
from the practical side. In his youth he had served an apprentice- 
ship not unlike that of other young men who were ‘‘reading’’ law 
or medicine in the office of a practitioner in order to fit themselves 
for a professional career. Although his formal study had been 
somewhat limited, his education had continued without interrup- 
tion. He possessed an alert, inquiring mind, and he was extraordi- 
narily well read on general subjects. Within his professional 
field he impressed upon his understudy certain principles and 
maxims drawn from his long experience. Typical of these was 
the quotation, 


Architecture is the ornamentation of construction, and not the 
construction of ornamentation. 


Through his association with young Schneider he saw an oppor- 
tunity to obtain some knowledge from authentic sources at the Uni- 
versity. A standard question which he addressed to his apprentice 
on Saturday afternoons was, ‘‘ Well, son, what did you learn this 
week?’’ The questions and discussions which arose between them 
at the office compelled Herman Schneider to think about problems 
and to seek information in a way that might not otherwise have 
occurred to him. Mr. Leh’s favorite starting assumption, ‘‘There 
must be a reason for this,’’ contained a challenge that could not 
be ignored by his assistant or by the college instructors to whom 
the question was relayed. For young Schneider, it was like hav- 
ing a college education, plus Mark Hopkins on the end of a log. 

As he looked back upon his college course, Herman Schneider 
recalled that even his youthful labors at the mine had been of 
some help in connection with his studies. Part of his college work 
was a textbook course in wood frame construction. The students 
were to read an illustrated descriptive treatise on sills, rafters, 
beams, bearing partitions and so on, after which they were to make 
some assigned drawings similar to those in the book. It will be 
remembered that the one-armed carpenter for whom he worked 
had given young Schneider a thorough but most unbookish course 
in just this sort of thing. Cutting the bevel of a rafter for this 
man was not a question of theory but a practical assignment, on 
which there must be no mistake. In the eyes of the boss, seventy 
per cent accuracy would not have been a passing grade. Schneider 
told his instructor of his experience and asked that he be permitted 
to make some drawings and take whatever examination was given 
the rest of the students. He was excused from attending classes 
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in this subject, passed his examinations easily, and gained several 
afternoons of free time, which he spent in the architect’s office. 

The classroom work which made the deepest impression upon 
Herman Schneider was the instruction he received from Mans- 
field Merriman, Professor of Civil Engineering. In his teaching 
as well as his writing, Professor Merriman approached problems 
with a direct analytical attack that exemplified for his students 
the virtues of rigorous thinking. Those who were fortunate enough 
to be in his classes inevitably caught something of the mental effi- 
ciency, the intellectual integrity, and the uncompromisingly high 
standards which placed him among the foremost members of his 
profession. His lasting influence upon Herman Schneider recalls 
the dictum, ‘‘ We teach as we are taught.’’ It should be noted in 
passing that Merriman’s contribution to engineering teaching ex- 
tended far beyond the limits of his own institution. He was one 
of the organizers of the S. P. E. E., and his presidential address 
of 1896 is a landmark in the Society’s history. 

From Herman Schneider’s graduation in 1894 to his return as 
a cub instructor in Professor Merriman’s department at Lehigh, 
there is a lapse of five years, a period whose events may be de- 
scribed briefly as a ‘‘school of experience.’’ Capitalizing the con- 
fidence he had gained while in Mr. Leh’s employ, Schneider opened 
an office for the practice of architecture at Cumberland, Mary- 
land. Successful in business, after weathering the initial starving 
period, he became ill of malaria and went home to recuperate. To 
rebuild his health, he went out West and worked with his brother 
Anton as a bridge engineer on the Oregon Short Line railroad. 
This time his standard reference book, both at division headquar- 
ters and on location, was Merriman and Jacoby’s ‘‘Roofs and 
Bridges,’’ Volume III. When the railroad’s appropriation for a 
new construction was exhausted, he returned east, recovered in 
health, and enthusiastic over the possibilities of bridge engineering. 

As an instructor, Schneider began to do some serious thinking 
about the training of engineers. His own observation and a com- 
parison of notes with older men had convinced him that some 
sort of special preparation was needed to enable a young man to 
take hold of practical work upon graduation. The gap between 
college and industry, he felt, should be bridged in some way, in 
order to increase the young engineer’s effectiveness and to avoid 
the risk of tragic disappointments. He puzzled over the problem, 
fascinated by its difficulty. 

One evening, after teaching hours, he was pondering this ques- 
tion while he walked across the Lehigh University campus. Sud- 
denly he was startled out of his reverie by the blast of a Bessemer 
converter at a near-by steel plant. In that moment an idea came 
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to him that offered a possible solution to his problem. Here was 
a. huge modern industry existing side by side with a university— 
a vast industrial laboratory filled with the latest, the most expen- 
sive equipment, made to order for his scheme of training. At the 
end of their college course many of the young men now studying 
in Lehigh University would find employment in these steel mills, 
as other graduates had done before them. Why not have this em- 
ployment begin on a part-time basis while they were in college, 
and make the work a recognized part of their training? 

Only a hint can be given of the later growth of this idea and 
of its reception by his contemporaries. For more than five years 
Herman Schneider tried to ‘‘sell’’ the codperative idea to educa- 
tors and industrial executives, both in the East and in the Middle 
West. Encouraged by some teachers and ridiculed by others, he 
learned that great patience is needed by any one who would bring 
about an innovation in education. Although he was given a more 
sympathetic hearing by leading executives in such firms as Wes- 
tinghouse, American Bridge Company, and the United States Steel 
Corporation, he found that here also was a real selling problem. 

Meanwhile, he had’been appointed Assistant Professor of Civil 
Engineering at the University of Cincinnati. After sending up 
a number of trial balloons, he finally obtained the sort of re- 
sponse he had hoped for. He had addressed a meeting, explain- 
ing his scheme for training engineers through codperation between 
college and industry. A six-line report of the address, published 
on an inside page of a Cincinnati newspaper, chanced to attract 
the attention of Mr. John M. Manley, Secretary of the Cincinnati 
Metal Trades Association. At that time the machine tool indus- 
try of Cincinnati was beginning an expansion prophetic of the 
commanding place it now occupies. A committee of manufac- 
turers had been studying the question of how to get better-trained 
engineers for their research and production needs. Mr. Manley 
arranged for Professor Schneider to meet with this committee and 
to make a series of calls upon individual manufacturers who might 
be interested. After months of patient explaining to doubting 
manufacturers, and to college teachers and a board of Directors 
who were even more skeptical, Herman Schneider gained per- 
mission to try the codperative experiment on a small seale. This 
was the first example of a new type of training concerning which 
it is stated in the S. P. E. E. Report of the Investigation of Engi- 
neering Education (1923-1929) : 

Codéperative engineering courses as conducted in the United States are, 


however, a distinctive type of educational program for which little or no 
direct precedent can be found. It is probably both fitting and accurate to 
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credit not only the inception of the idea of such courses but also the posi- 
tion which the plan occupies in this country at present in large measure 
to the ability, resourcefulness, courage, and consistency of purpose of Dean 
Herman Schneider who first established codperative engineering courses at 


Cincinnati in 1906.” 


The success of the plan, its extension to other branches of in- 
dustry, other types of engineering, and other colleges—these facts 
are well known. With the proverbial wisdom of hindsight, we can 
see that those industrialists who gave the suggestion qualified ap- 
proval builded better than they knew. Certainly the machine 
tool interests could not have been expected to foresee a time when 
a considerable proportion of their executives would be engineers 
trained under the codperative plan. Nor, looking beyond the Cin- 
cinnati area, could they have foretold how other engineers trained 
in this way would serve the nation’s industry in key positions. 
To speak only in terms to the present crisis, the products of that 
now distant experiment include such men as Myron B. Gordon, 
Vice-president of the Wright Aeronautical Corporation, who re- 
cently returned to Cincinnati to direct the construction of a mam- 
moth factory for the production of airplane engines; H. A. Wols- 
dorf, packaging engineer, loaned to the government to supervise the 
crating and shipping of lease-lend supplies; Craig Edwards, car- 
buretion expert for the Bendix Corporation, who has been testing 
airplane motors in California, Northern Africa and elsewhere; 
Carlos Roby, Managing Director of the Cincinnati Milling Ma- 
chine Company’s branch in Birmingham, England; and Adolph 
Forester, previously of the Birmingham Factory and now Tech- 
nical Adviser to Mr. Averill Harriman on lease-lend supplies. 
These men and hundreds of others are too busy doing a job to 
reflect upon the type of college training they received, but they are 
using that training for practical and important ends. Thus they 
are vindicating an idea which began forty years ago as a nebulous 
theory and established itself the hard way. 

The codperative plan was not put into practice anywhere until 
1906, when Dean Schneider introduced it at the University of 
Cincinnati, but the idea seemed obvious and almost inevitable, 
once it was brought to people’s attention. It was admittedly 
a new departure in education, and yet it seemed to be something 
that should have been done long before. Perhaps this is the ex- 
planation for a certain perennial freshness or news interest in 
subsequent adoptions of the plan. Persons not familiar with its 
early history have often assumed that codperative education began 
at a different time and place, and the interest aroused by second- 


2 Vol. 1, p. 562. 
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ECONOMICS AND ENGINEERING EDUCATION * 


By J. K. FINCH 


Renwick Professor of Civil Engineering and Associate Dean, School of 
Engineering, Columbia University 


Engineering education in the United States is now approaching 
the completion of its first century of service. Before 1850 there 
were only two engineering schools in this country. The great 
period of growth came just after the Civil War. By 1870 there 
were 70 such institutions. Today we have some 120 accredited 
engineering schools. When we look back over this century, cer- 
tain outstanding trends in this remarkable growth are clear. 

It is evident, for example, that the establishment of engineering 
schools paralleled the development of the modern scientific tech- 
nique in engineering. The formal processes of the classroom and 
laboratory could replace, in part, the older, informal education 
through apprenticeship, only when the technique of engineering 
design itself became formalized,—became, to a major extent, a 
rationalized science rather than a practical art. The modern engi- 
neering school was born of the epoch marking applied mechanics of 
Rankine, Weisbach and others—these schools were born when the 
ancient art of engineering was fertilized by the advances in the 
natural sciences of the last century and scientific engineering came 
into being. 

It has been not only the profound effect of this evolution in 
engineering technique which has determined the immediate objec- 
tives of American engineering education during this century. The 
immediate result was, of course, a strong emphasis on the scientific 
tools of modern engineering—on mathematics, mechanics, and de- 
tails of design procedure. But there has also been the pressing 
demand of the westward advance of our civilization—the unparal- 
leled rapidity of our conquest of a continent of unparalleled natural 
resources. The cry was for men with at least a bit of practical engi- 
neering training—for the immediately useful type of young engi- 
neer. And, it might be remarked in passing, we are experiencing 
today, in response to war needs, this same impatient and pressing 
demand for a vocational rather than a truly professional type of 
training. 

* Presented at the 50th annual meeting, S. P. E. E. (Engineering Eeon- 
omy), New York City, June 27-29, 1942. 
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As a result of this immediate need for men of special but narrow 
training, our engineering schools turned out thousands of useful 
citizens—young men who could serve as draftsmen, detailers, sur- 
veyors, inspectors, ete.—but our program of engineering education 
still suffers today from this narrow, purely vocational viewpoint, 
from a training which, although it served so well in meeting the im- 
mediate needs of earlier days, is no longer regarded as either ade- 
quate in scope or professional in character. 

The inevitable reaction to this narrow technology—a word which 
I heartily detest—began some twenty-five years ago. During these 
twenty-five years we have had much discussion of the need for a 
broader, more liberal training of the young engineer. It has be- 
come obvious that the professional engineer must be intelligently 
vocal, must have some perspective of the relationships of his pro- 
fession to modern life, and some vision of its potentialities and 
responsibilities. 

How much have we accomplished in meeting this changing need 
in engineering education? A fair and frank analysis will, I am 
afraid, not reveal a very creditable performance. 

Our engineering schools, it is true, have to their credit a most 
remarkable accomplishment in advancing the standards of techni- 
eal analysis and design. These schools, as we have said, were born 
of the movement for science in engineering, and they have led and 
still lead in its evolution and development. Recall for a moment 
the outstanding names in technical theory, and you will note that 
the great majority have been teachers of engineering as well as 
pioneers of engineering science. 

On the other hand, our schools have been very slow indeed in 
achieving this broadening and liberalizing of the educational proc- 
ess which we have so often discussed. 

One of the basic subjects in this broader field is economics—not 
the old, rather remote and aimless political economics, but the basic 
economies of engineering practice and of modern life and industry. 
This subject has occupied a leading position on every list of de- 
sirable subjects in a liberal engineering curriculum. What have 
we done about it? 

In general we have grudgingly and most reluctantly found an 
hour or two in our programs for a general course in economics and 
have permitted the economics department to use them. In short, 
we have washed our hands of all responsibility for this unweleome 
stepchild, we pay little attention to the scope or content of the 
course given—How many of you, for example, even know the 
names of the instructors who give this subject to your students ?— 








418 ECONOMICS AND ENGINEERING EDUCATION 


and we make no attempt whatever to integrate this earlier study 
with our engineering teaching or to build upon it in presenting our 
engineering subjects. There are times, in fact, when we simply 
ignore this subject, but there are others when we seem to avoid it 
as we would avoid a pestilence. Why? 

In the first place, our major interest is, of necessity, in the 
special technique which we teach, which we think is the most im- 
portant subject in the engineering curriculum, and which we 
‘‘know how to teach.’’ This specialty is a definite thing in which 
we are competent, while of economics we know little and feel that 
it cannot really be taught in the classroom—it is one of those things 
which the student will get, so ‘tis said, ‘‘after he graduates.’’ 

If we are really frank in this appraisal of our shortcomings, we 
are forced to admit that a major difficulty is due to the character of 
the subject—our lack of interest in it, our lack of knowledge of it, 
and our failure to give time and thought to it. There is an element 
of sheer mental laziness in the picture. We follow the easier, well 
worn path, and seek to blaze no new trails. 

Thus it is far easier for us to handle the rationalized analysis 
of stresses and strengths which lead to definite quantitative results 
in design, than it is to develop teaching data and methods in a new 
field. Furthermore, economic problems cannot be solved by for- 
mulas or slide rule. Their study usually leads to qualitative find- 
ings only. Ability to handle such problems rests, in large measure, 
on a maturity of judgment and experience in ‘‘ practical affairs’’— 
values which are not achieved through classroom training. 

I admit the difficulties of the problem but, in my opinion, the 
chief value of economies as a vehicle of engineering education lies 
in these very difficulties which have been urged against it. 

I recognize, for example, that few graduate engineers will be 
called upon to handle major economic problems until they have 
added maturity and experience to their college training through 
several years of apprenticeship. We cannot, therefore, urge that 
important technical subjects—subjects which few students can 
acquire ‘‘on their own’’ without instruction and guidance—should 
be abandoned to make room in an already overcrowded curriculum 
for extended courses in economics. But this is no reason for 
ignoring this subject completely. 

I realize also that economic analysis does require a maturity of 
ability seldom found in the undergraduate—but ‘‘ What is the pur- 
pose of engineering education?’’ Certainly its final objective is 
not that of cramming the student’s head with factual information. 
The fundamental objective of engineering education cannot differ 
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from that of education in general, namely, the training of the stu- 
dent to utilize such grey matter as God has given him in the most 
effective manner possible. The accomplishment of this end is 
measured not by his store of factual information but by the com- 
petence of his mental machinery—by his competence to meet and 
handle new problems, to excerise, as he gathers and adds to it, his 
judgment in engineering matters. Surely we are not, as educators, 
aiding in this process of maturing the engineering mind, if we de- 
liberately ignore those engineering problems which cannot be com- 
pressed into sugar-coated pills of factual information. This is not 
education ; it is pure parrot training. 

I also wonder how many of us realize how vital and unescap- 
able this element of judgment is in engineering practice. Yet the 
emphasis in engineering teaching is always on the quantitative 
answer—always on the application of formula and the result 
checked to the last decimal. Structural design, for example, is 
usually taught as a problem in pure technical accounting. Here 
is a truss, assume certain loads, compute the stresses, assume cer- 
tain working stresses, design members and details. But, before 
we can analyze stresses, we must assume loads, and before we de- 
sign we must assume working stresses. Loads, factors of safety, 
working stresses—these are all matters of balancing the pros and 
cons of current practice and of attempting to forecast future needs 
and requirements—of engineering judgment. How often do we 
diseuss them with our students? 

Furthermore, what is the impelling force that urges us on to 
greater and greater efforts in the rationalization of technical design ? 
It is primarily economic. Wellington hit the nail on the head many 
years ago when he noted that it was not the desire of the engineer to 
safeguard human life that led to better bridge design, but the keen 
competitive struggle to secure more economical construction. The 
search for economy is the mainspring of engineering progress. 

The engineering teacher may, of course, complain that teaching 
data for economics is not readily available. General texts like 
Grant’s ‘‘ Engineering Economics”’ are, however, at hand, and a de- 
termined search of engineering literature will turn up a wealth of 
special problems in special fields. Some of these we have gathered 
together in note form at Columbia for a brief course for our stu- 
dents in civil engineering. The teacher who is really interested 
will have little difficulty in finding a variety of interesting material 
on this subject. 

Finally, I am not urging that economies be taught as a separate 
subject—all by itself—in the engineering curriculum. A brief, 
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introductory treatment does seem desirable but few economic prob- 
lems can be divorced from their technical context. The teaching 
of the technical economics peculiar to engineering design must go 
along hand in hand with design. These problems are fundamental 
to design for they condition and control its scope and character. 

I believe this observation also applies to the broader, more gen- 
eral problems of economics—the relationships of engineering to 
our industrial, political and social life. A sane public works policy, 
for example, will never be achieved so long as such policies are based 
on political strategy, opportunism and mob psychology. All the 
popular votes in the world will not develop any justification for 
many of the elaborately useless and ingeniously unprofitable public 
works of the last decade. Money wasted in so-called public works 
is money that could be used to raise the standards of life and living 
of all our people. The problem is basically an economic problem, 
basically an engineering-economic problem, for our standards of 
living can be raised only by improving the standards of our eco- 
nomic life. Sooner or later, our scale of living must be so adjusted 
that the proceeds of our economic order can pay the bills for our 
social improvements. This is a problem of engineering and of 
production. 

The engineering profession has always been a dynamic and con- 
stantly expanding profession. If the future engineer is to be more 
than a mere technician, more than the hired agent of the private 
or political purse, he must stir himself—salvation will come from 
within, not from without. We must seek not to attach new and un- 
related disciplines to our teaching but to extend our methods and 
techniques into new fields. The teaching of economics, the kind of 
economics in which the engineer is interested, cannot be delegated 
to some other department, and divorced from the teaching of engi- 
neering itself. If we have anything to offer the public, it must 
rest on our ability to apply our methods in new fields of wider and 
greater service. It is full time that we stopped talking about eco- 
nomics and engineering and began to apply ourselves to the problem 
—to meet our obligations and take advantage of our opportunities. 
If we delegate this task to others, we give over with it the deter- 
mination of engineering policies, and the opportunities which are 
open to us for wider service and greater public recognition as pro- 
fessional men. 

I am convinced that the engineering profession is at the cross- 
roads. It is clear that technical progress— the scientific rationali- 
zation of design—will and must continue to occupy our major atten- 
tion. If, however, we permit it to crowd out all efforts toward the 
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development and rationalization of economic analysis and design, 
we will soon cease to be a profession and will become simply a group 
of narrow technical specialists. We must choose either the narrow 
technical path and leave the problems of the economic adjustment of 
our labors to modern industrial and social needs to specialists in 
applied economics, or we must make this field our own by applying 
to it—by extending into it—those honest viewpoints and methods 
which have long served us so well. We cannot indefinitely delay 
this decision. Long before another century has passed, the choice 
will no longer exist. We will have become either a narrow tech- 
nology or an awakened profession. 





(Continued from page 415) 

ary pioneering has sometimes obscured the original work of the 
founder. Full credit should be given for later contributions, 
which have been many and important. At the same time, all 
honor is due to the one man who could ethically have claimed a 
basic patent on the codperative idea. Whatever impression may 
have been gained by the magazine-reading public, the facts are 
well known in most educational circles. Among those who are 
best informed, Herman Schneider is given credit, not only for an 
epoch-making achievement but also for modesty in allowing his 
work to speak for itself. 











THE EFFECT OF THE ESMDT PROGRAM UPON 
ESTABLISHED EVENING ENGINEERING 
CURRICULA * 


3y H. P. DUTTON 


Illinois Institute of Technology 


The Engineering, Science, and Management War Training 
courses offered by the Government to increase the national produc- 
tion are being conducted, for the most part, by the colleges and 
frequently are at least potentially in direct competition with reg- 
ular evening classes. An inquiry as to the probable effects of the 
program on the long-time evening programs of the school is ap- 
propriate. It would be difficult on the basis of the short experi- 
ence available to evaluate these effects with precision. Instead, 
I have attempted to appraise the effects at Illinois Institute of 
Technology, where some 14,000 men have taken advantage of the 
defense program to date. I have also secured expressions of 
opinion from other schools affected, and, finally, through the kind- 
ness of Professor John I. Yellott, Director of our War Training 
Courses, have secured a cross-section of the preparation and plans 
of those now in our courses. 

A first question might be as to the immediate budgetary effects 
of the courses. The Government’s financial arrangements are well 
known and need not be elaborated upon. The effect on attendance 
in regular evening classes is the first question. Our own experi- 
ence has been that the direct effect of the defense courses on at- 
tendance has so far been slight. These courses, as I believe is 
generally the case, do not carry college credit nor do they, for the 
most part, fit into plans of study for the usual Bachelor’s Degree 
in Engineering. Students with the degree as an objective have 
in most cases gone on with their regular programs. We have felt 
the competition in courses nearly parallel, such as those given in 
Time Study and Metallurgy, for example. There has been little 
evidence of much competition in the basic courses so far. 

On the other hand, consider the effect of introducing thousands 
of young men to the idea of evening study. We obtained some- 
thing of a sample of the possibilities of this publicity through the 

* Presented at the joint meeting of the Committee on Instructional Methods 
and the Committee on Evening Engineering Courses, 8S. P. E. E., Columbia 
University, June, 1942. 
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questionnaire to enrollees in ESMDT courses. Of 898 students 
who replied, 53 per cent stated that they had not previously at- 
tended any evening classes. 42 per cent had had no college work. 
83 per cent planned to continue evening college classes when the 
defense program ends; 9 per cent did not; and 8 per cent were 
undecided or did not answer. 55 per cent were interested in 
earning a degree by evening study as against 30 per cent who 
were not. 3 per cent intended to study for the graduate degree, 
and 12 per cent were undecided or did not answer. 

Whether all students who checked ‘‘yes’’ on the questionnaire 
will actually pay hard cash for something which they previously 
obtained for nothing is a question. It is probable that at least a por- 
tion of those that have been introduced to evening college study and 
found it useful will go on. Indeed we are already beginning to 
receive inquiries and registrations from people whose interest was 
awakened by the ESMDT courses. 

It is to be anticipated with the continuance of the ESMWT 
Program that the direct competition with the regular courses will 
be increased somewhat, but this loss will, we believe, be more than 
offset in the long run. Checking the opinions of other schools as to 
effects on attendance, of the twenty-two from whom replies were 
received, 14 per cent had felt an increase in enrollment of regular 
evening classes; 36 per cent a decrease; 36 per cent no substantial 
effects ; and 14 per cent did not reply to this question. 

As to the type of course most affected, 5 per cent noted a shift 
from arts to technical courses; 10 per cent, a reduction in attend- 
ance in preparatory, trade, and certificate courses; 27 per cent, a 
reduction in engineering and science attendance; 5 per cent, a re- 
duction in management; 5 per cent, a general reduction; and 48 
per cent did not reply. 27 per cent thought the reduction would 
increase as the program continued ; 41 per cent did not; and 32 per 
cent did not answer. 41 per cent said that interest in all-round 
education had increased; 27 per cent said that it had decreased ; 
and 32 per cent did not answer. 68 per cent thought the long-time 
effects of the program would be beneficial; 18 per cent thought 
they would definitely be injurious, principally as encouraging the 
idea of getting an education free; 14 per cent did not answer. 

In addition to the direct effects on enrollment, other effects may 
be considered. We have found that the establishment of the 
ESMDT courses had many valuable by-products in establishing or 
making more close, contacts of the school with local industries. 
63 per cent of the schools replying to the questionnaire found the 
same benefit; 27 per cent had not experienced it; and 10 per cent 
made no comment. 
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It was not possible under the existing war load to turn to our 
regular faculty for most of the number of instructors needed. We 
went to industry, turning for help to companies which we considered 
leaders in their fields. From them, or with their advice, we have 
secured the necessary instructors. Many of these men doubtless 
will no longer be available after the emergency, but some of them 
may later continue with us. In any case, it can do the school no 
harm to have awakened the interest of these men and their com- 
panies in the school. 36 per cent of the schools reporting found 
the ESMDT Program beneficial in opening new sources of qualified 
instructors ; 46 per cent did not; and 18 per cent did not reply. 

One of the results which may be hoped for from the stimulus of 
this new teaching problem is the development of new teaching 
methods. There seems to have been a general increase in the use 
of visual aids to education in ESMWT courses. Several schools re- 
ported a beneficial stimulus to the regular day instructors from 
teaching evening students. There should result from this new 
educational problem, the ESMWT, other innovations which will 
improve our educational methods. Perhaps we have even more to 
learn from the wholly unconventional, yet successful, teaching 
methods developed by the Training Within Industry group, an- 
other division of the War Training Program, who have compressed 
into ten hours of instruction for foremen a very adequate introduc- 
tion to training technique. To the question as to whether improve- 
ments in teaching technique had resulted from the program or 
were likely to result, 45 per cent replied in the affirmative; 45 per 
cent doubtful or negative ; and 10 per cent did not answer. 

Some of the comments which resulted from the questionnaire to 
other schools are interesting. Several expressed the fear that hav- 
ing entered this educational field, the Government would be slow to 
retire from it when the emergency had passed. We cannot dismiss 
this possibility, yet I feel it is fortunate that the program was 
started in the schools. The work is being done almost wholly by 
colleges and under the direction of men of long experience in the 
colleges. While the ESMWT program is capturing the spotlight 
for the time being, and for some courses is providing a rather stiff 
competition for the regular programs, it is still all in the family, 
and the directors of regular evening classs can certainly do more for 
themselves and their schools by cooperating with and learning from 
the defense program than by ignoring it. 

Two or three commented on the fact that the emergency pro- 
gram was supplying the needs of a group for which little has hereto- 
fore been done, the technician who does not need and perhaps is 
not capable of digesting all the basic fundamental courses thought 
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of as part of the standard engineering degree program, yet who 
needs a type of practical technical training not now fully supplied 
by the public schools or by any other important source which will 
enable him to understand machinery and processes. Certainly the 
War Training Program should serve to emphasize the need for 
practical or refresher courses which can be taken by employed 
adults without going through the whole long series of prerequisites 
conventionally required. 

The profile of a typical ESMDT student group as revealed by 
our questionnaire at the Institute is interesting. Age varied from 
23 to 33 years, 27 years being the average age, as compared with 
probably 23 for the average evening student. Some of the enrollees 
are, of course, impossible, but for the group as a whole, the courses 
seem to be reaching into a higher bracket of responsibility. This 
may not be a bad thing for the evening schools. 

While men in the higher performance brackets are not limited 
to college classes for keeping their thinking up to date, the college 
is still one of the most efficient methods of teaching adults. But the 
methods most effective with the typical undergraduate, do not fit 
the older, more responsible man. We need to raise our sights a 
little to reach the older man as well as the youngster. The ESMWT 
program seems to be doing this. 

A fear was expressed as to whether this wholesale, mass pro- 
duction of engineers and subengineers would not result in a glut of 
engineers after the war. Except for incidental refreshing of pre- 
viously trained men and the awakening of interest in engineering, 
the ESMWT courses do not train engineers. Should emergency 
justify it, the same teaching mechanism might well be put into re- 
verse to retrain the ESMWT crop of technicians for other needed 
occupations. ; 

While prophecy is a risky business, there is perhaps as much 
reason to expect better business after the war, if we win, as to ex- 
pect a great depression. If this hope, held by many economists, is 
realized we shall not have too many engineers, and in any case we 
shall need the disciplined mind of the engineer. The ESMWT 
training is not to any great extent influencing directly the full- 
time undergraduate student’s thinking about college; it touches 
the man already employed to the extent that this training program 
directly prepares him for more advanced work and awakens ambi- 
tions for further improvement. The national productive effort 
will gain, even if some of the specific skills developed by it for the 
emergency are in less demand after it has passed. 











LIMITATIONS OF VISUAL EDUCATION * 


By H. J. GILKEY 
Iowa State College 


It is the self imposed task of educators to process human progeny; 
to make of it a producing entity within a time allotment of some 
twenty years. The biologist, geneticist and psychologist tell us 
that our raw material remains about constant; that the aptitudes 
of the human infant undergo but slight change from generation to 
generation. The task of the classical educator is equally un- 
changing; languages and civilizations may die but the star of the 
classicist, far to the rear, is to him undimmed and he seeks not 
others. For the scientist it is not so. His horizon is ever broaden- 
ing. Today the youth of twenty must be able to pick up and 
carry on from where an Einstein, an Edison or a Steinmetz had 
previously dropped in his own lustrous tracks after a lifetime of 
labored but brilliant advance. 

Add to necessity for comprehension, and manipulation (for these 
are the substance and techniques of the scientist), the requirements 
for design, construction and operation (all within the limitations 
set by sound economics), and you have before you the goal which 
is being currently attained by engineering educators. That we 
have thus far made good, part of the time at least, is no cause for 
resting on our laurels. We are indeed hard pressed as is attested 
by squeaks emanating from our engineering educational machine. 
Just what or how much is wrong is something upon which we seem 
unable to agree; certainly some of the noises are but the labored 
pantings of an engine under heavy load. Nevertheless, few of us 
will contend that our results are all that we would have them. 
And the end is not yet; the generation just ahead is confronted with 
a task more formidable than ours for in science and engineering 
the future continues to pyramid on the past. 

Under such circumstances it does indeed behoove the engineer- 
ing educator to maintain a wary and vigilant eye upon every aspect 
of the mechanism he operates and to keep his oil can at hand. 
While the task of the engineering educator is too vital to admit of 
such drastic, visionary or irresponsible experimentation as is often 
urged upon us (usually but not always by persons without the pro- 
fession), we need, nevertheless, to maintain an open mind along 


* Presented at the 50th annual meeting, 8S. P. E. E. (Instructional Methods), 
New York City, June 27-29, 1942. 
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with the initiative and the courage to keep up with the best that 
we know. It is one of the primary functions of the Society and 
the specific function of this committee, on behalf of the Society, to 
seek out, investigate and make recommendations regarding any- 
thing that offers promise of assisting the engineering educator to 
discharge his obligation to the rising generation and to the pro- 
fession with increased effectiveness. The program of this session 
has-been dedicated to the task of subjecting to added scrutiny one 
of the most appealing of current potential innovations in our field. 
Virtually paralleling in its development and importance the motor 
driven vehicle, the photographic art, in all its ramifications and 
adaptations, may well have something of conspicuous value to con- 
tribute to our engineering educational processes. 

In the field of learning the primary approaches to the mind are 
the eye and the ear. The visual processes include reading, demon- 
stration and pictures but the term visual education normally refers 
to some form of pictorial presentation which may be animated or 
still; sound or silent. Under the commercial stimulus of the motion 
picture industry on the one hand and the ingenuity of the amateur 
and the exacting requirements of the scientist on the other, the 
variety of pictorial adaptations is great, ranging from ordinary still 
photography to the portrayal of animation, slow motion, time lapse, 
photomicrography, and miniature photography for all of which 
both the 35 and 16 or even the 8 mm. film can be used. 

In a paper presented under the auspices of this committee,* the 
scheduled discussor of this presentation, George E. Tomlinson, 
reviewed the status of visual education, outlined problems relating 
to suitability and availability of material and offered constructive 
suggestions for overcoming existing problems of these types. He 
closed with the recommendation that a committee be created to 
report, among other things, answers to the following questions: 

1. Is the use of selected motion picture films recommended as 
an aid to engineering teaching? 

2. What films, suitable for use in engineering curricula, are 
available? 

3. What is the attitude of independent and industrial producers 
towards coéperation in such a movement? 

4. Should the selected film be collected in some central library 
or should the interested schools be referred to the numerous exist- 
ing distributors? 

5. Should selected reading and test material be prepared by 
some central agency for use with each program? 

* “Use of Motion Pictures in Engineering Education,” EN@ingERING Epv- 


caTION, Vol. XLVI, p. 739-744 (1938); also JouRNAL or ENGINEERING Epv- 
cation, Vol. XXIX, No. 9 (May, 1939). 
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6. Will the leading engineering societies and national founda- 
tions lend any assistance to the establishment and maintenance of 
an engineering film library? If so, to what extent? 

7. What will be the cost of an adequate program during the 
first year of operation and during subsequent years? 

8. How can our Society coéperate best with other agencies in 
improving teaching technique through the use of motion pictures? 

This excellent set of questions is timely, provided the answer 
to Question 1 is “‘yes”; otherwise Questions 2-8 drop from the 
picture. In a sense of course, the answer is ‘‘yes” since both the 
film and the slide have proved useful in some of the marginal or 
motivational courses and in connection with student professional 
activities including freshman lectures and junior-senior seminars. 
In the study of such subjects as engineering materials (especially 
as regards the manufacturing aspects) and in building construction, 
the moderate use of films and slides may add enough to the interest 
to justify such use although the time requirement for covering a 
given block of the work will usually be increased. For lecture 
demonstrations films are often valuable especially where motion is 
an essential element, as in illustrating hydraulic flow phenomena 
or in demonstrating a sequence of operations. I can see where 
visual methods might be used to supplement inspection trips and 
in times like these, when actual trips are out, pictures doubtless 
constitute the best available substitute. Of course the film, how- 
ever good, is not an adequate substitute; the noise et al. are an 
essential part of what the student needs to experience. Well chosen 
films may, however, aid him to spot in advance some of the things 
that he is supposed to see, or to give an added significance to what 
he saw, leaving him less mystified and diverted by noises, shiny 
gadgets and whirling gears. 

Unless the writer is mistaken these are not the types of uses 
which Mr. Tomlinson had in mind. The question which he doubt- 
less wanted to raise and to which inferentially the answer in his 
own mind was ‘“‘yes,’”’ was whether or not visual instruction can be 
made an important aid in the teaching of basic middle-of-the-road 
engineering subjects. Is it a tool having potentialities of a sort 
that can assist the engineering educator substantially in doing a 
better or a more complete job within the limitations of time and 
money at his disposal? The more I ponder the matter, the more 

dubious do I become. There are, of course, certain obvious diffi- 
culties some of which relate more to the state of the art than to its 
ultimate possibilities. Among these are: 

(a) Lack of Suitable Factlities—If the projector requires dark- 
ening of the room (which is always objectionable because of the 
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slumber problem) there is the question of proper ventilation and 
convenient darkening devices. 

(b) Difficulties of Overhead.—The projector and/or the film or 
slides are rarely at the immediate and ready disposal of the in- 
structor. Usually special arrangements must be made well in 
advance and often an operator or an assistant is required. Some- 
times there must be a fireman or inspector on the job and there are 
likely to be incidental fees. Any device designed to fit into the 
everyday teaching picture functions under a severe handicap if the 
instructor must be free the period before and/or after the demon- 
stration or if he is otherwise required to perform unusual or time- 
consuming operations to use it. 

(c) Question of Subject Matter—At present the available mate- 
rial appropriate for technical entertainment is excellent, on the 
increase, and embodies a considerable variety from which to choose. 
For specific technical instruction where every lick must be made to 
count there is little suitable material available and I fail to see 
much likelihood that the need can be met squarely, if at all, in 
other than restricted fields. In rare cases an instructor does, at the 
expense of much time and effort, work out supplementary visual 
material which may be quite effective in his own hands; rarely 
otherwise. Commercially prepared material may be more gener- 
ally effective but rarely will the scope or type of coverage be just 
what is wanted. 

(d) Cost.—Relative cost will always be a dominant question 
but in the development stage it should not be accorded the stellar 
role. If the thing is found to be otherwise good, there is always the 
possibility that merit may circumvent cost. 

Most of the objectionable items enumerated thus far could con- 
ceivably be minimized if not eliminated through general use and 
through mechanical improvements in equipment and in auxiliary 
facilities. Even the problems of personnel and overhead could 
doubtless be solved. A solution for the question of subject matter 
does appear to be, perhaps, the most remote. What I consider to 
be the real drawback has not yet been mentioned. 

Visual education is virtually one type of lecture system teaching. 
Engineering educators are, I believe, generally agreed that the lec- 
ture system simply is not adapted to driving home solid engineering 
substance in the way that the engineer must have and use it. 
(Fortunately, perhaps, we aren’t required to pass upon the possible 
merit of the lecture system as a serious educational tool in fields 
other than engineering.) Earlier in this discussion the ears and 
the eyes were mentioned as being the main entrances to the mind. 
Unfortunately, sometimes (fortunately at others), all that passes 
over a threshold does not take up its abode within that dwelling. 
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The retention of solid technical material is not attained through 
the eye or the ear unless there is subsequent study and mulling 
over until the material has been fitted into the mosaic of the mind 
and literally becomes an experience. The student may gain much 
of lasting solid benefit from a ‘“‘heavy”’ lecture only if, after he 
takes careful notes, he studies these notes and assimilates their 
essential content. For many persons (not all) the eye constitutes 
a more effective initial entrance than does the ear but it is simply 
not possible to take notes from the screen in a manner that enables 
one to subject the substance, piecemeal, to the digestive juices of 
the mind or to apply the precepts and principles to the solution of 
appropriate problems. 

Thus, as the writer sees it, the use of visual education for teach- 
ing basic work is open to the same objections as is the lecture 
system with the added difficulty that the student cannot secure the 
equivalent of an outline transcription for subsequent reiteration 
and assimilation. Important as this aspect is, it is not the only 
one of what might be termed the insurmountables or incompatibles. 

The use of the projector erects a barrier between the mind of 
the instructor and that of his students. I believe that few engi- 
neering educators would contend that it is a primary function of 
the classroom contact to impart knowledge. What the student 
learns, he must in large measure dig out for himself. During the 
class period the instructor will probabiy clear up some difficulties 
but these are not stereotyped or predictable; if they were, the 
author of the text would have anticipated them in his treatment. 
Moreover, the best answers are invariably questions; there must be 
a give and take, the back and forth interchange that finally results 
in the student thinking through his question and answering it 
himself. 

When the student is viewing a film, watching a demonstration, 
or listening to a dissertation, however fine it may be, his mind is 
relatively passive. The machine is his assurance of protection 
against a sudden and perhaps mildly disconcerting but stimulating 
mental jab. ‘‘He prepareth before me a table in the presence of 
mine enemies” (inquisitor; disturber of my peace). In whatever 
degree the visual demonstration constitutes an exposition or eluci- 
dation of essentially textual material, to that extent it is usurping 
the important and needed function of the study period where the 
student must learn to interpret the printed word; to translate it 
into the pattern of his thought and understanding. Just as, after 
graduation, his substance won’t be brought to him on a silver platter, 
his thinking won’t be done for him on a silvered screen. 

If the film presentation is informational rather than expositional, 
it is not the sort of thing we are discussing for there is little place 
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down the middle of the engineering road for that which is purely 
or largely informational. Such material is marginal rather than 
basic and as such it does occupy a needed place in the engineering 
picture; out near the edges. 

The writer believes that in view of the ever increasing tempo 
of engineering advance, the engineering educator must be on his 
toes to take advantage of every trustworthy (and sea-worthy) ad- 
vance in the art of teaching. He can ill afford, however, to impro- 
vise where he ought to analyze; he must not become an educational 
boondoggler. In the field of engineering education visual methods 
now serve a limited but useful function. There is not, however, in 
the current picture as the writer sees it, justification for the belief 
that such methods offer prospects of being the medium for mate- 
rially improving or speeding up the job. Besides various practical 
difficulties inherent in the state of the art, rather than in the art, 
he seriously doubts that such methods can be made to supply the 
sort of exposure and classroom contact that is needed to drive home 


basic engineering work, 








PURE AND APPLIED MATHEMATICS * 


By RUFUS OLDENBURGER 


Professor of Mathematics, Illinois Institute of Technology 


For the past fifty years American mathematicians have been 
primarily interested in pure, rather than applied, mathematics. 
Undoubtedly mathematics has its roots in the need of man to cope 
better with his surroundings. Certainly early mathematics was 
immediately tied up with applications. But after mathematics 
had attained some measure of maturity and had revealed a struc- 
ture of its own, the connection between problems and applications 
became less intimate and new problems were attacked out of sheer 
scientific curiosity in an effort to build up the mathematical do- 
main itself rather than to solve some immediate physical problem 
for practical reasons. With this evolution, two contrasting at- 
titudes toward mathematical research were inevitably produced, 
the so-called ‘‘pure’’ mathematics school, concerned with the solu- 
tion of problems which arise in the body of mathematics itself and 
the so-called ‘‘applied’’ mathematics school concerned with prob- 
lems encountered in physical situations. 

The position of the pure mathematician needs no justification 
since an investigation of the major branches of mathematics de- 
veloped during the last few hundred years affirms that much of 
mathematics was introduced because some investigators were driven 
by curiosity about pure mathematics to explore these fields. Thus 
Gottfried Leibnitz (1646-1716) was led to his discovery of the 
calculus through geometrical considerations, Niels Abel (1802— 
1829) and Evariste Galois (1811-1832) founded the theory of 
Abelian functions and the Galois theory of equations respectively, 
brought to these theories by a sole and intense interest in mathe- 
matics itself. 

It is also true that certain important developments in pure 
mathematics had their origin in applications. Thus there is the 
potential function which was introduced into applied mathematics 
by Joseph LaGrange (1736-1813) and extensively treated by 
mathematical physicists long before it was taken over by Georg 
Riemann (1826-1866) into pure mathematics. Also functions, 
such as Bessel (1784-1846) functions and Legendre (1752-1833) 
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polynomials arose in the treatment of physical problems and led 
to the study of the class of harmonic functions in pure mathematics. 
From this it is maintained that investigations in applied mathe- 
maties can be justfied on a purely academic basis. 

A shunning of the applied has not always been prevalent among 
mathematicians here. On the contrary, the leading early Ameri- 
eans were chiefly of this category. Nathaniel Bowditch (1773- 
1838) published a book on navigation, as well as a paper on the 
pendulum. Benjamin Pierce (1809-1880) wrote a treatise on 
mechanics, besides contributing to the theory of linear associative 
algebras. George Hill (1838-1914) and Simon Newcomb (1835-— 
1909), 3rd and 4th presidents, respectively, of the American Mathe- 
matical Society, were both astronomers of considerable reputation 
and contributors to certain phases of pure mathematics. Josiah 
Willard Gibbs (1839-1903), claimed by more than one branch 
of the applied sciences, made fundamental discoveries in thermo- 
dynamics and statistical mechanics. The second president of the 
American Mathematical Society, John Emory McClintock (1840- 
1916) was an actuary with the Mutual Life Insurance Company, 
whereas the fifth, Robert Simpson Woodward (1849-1924) special- 
ized in astronomy and geodetics. These men were the leading 
American figures in the mathematical world before the foundation 
of the first important school of mathematics in this country at the 
University of Chicago in 1892, with Eliakim Hastings Moore (1862- 
1932), Heinrich Maschke (1853-1908) and Oskar Bolza (1857- ) 
as professors. 

It was. this school that was largely responsible in influencing 
the research trends of subsequent American mathematics. From 
here were graduated the students who later aided in founding such 
great mathematical centers as those of Princeton and Harvard 
Universities. It is thus possible to trace the present general inter- 
est in pure mathematics to E. H. Moore, the leading American 
mathematician of his day. Moore, who had studied at the Uni- 
versity of Berlin under Weierstrass (1815-1897) and Kronecker 
(1823-1891), both mathematicians of the pure variety, had been 
much influenced by them. 

Although there has been a general apathy in this century in 
America toward the applied field, some of the most prominent of 
the present day mathematicians have made brief excursions into 
this realm. Gilbert A. Bliss, whose first paper was on astronomy, 
contributed to the theory of anti-aircraft guns during the first 
world war while working in the army ordinance section with Oswald 
Veblen. Veblen as well as Luther F. Eisenhart have done signifi- 
cant work in relativity. George D. Birkhoff has written papers on 
art and mathematical physics. Solomon Lefschetz started as an 
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electrical engineer, and after an industrial accident in 1907 began 
his brilliant researches in pure mathematics. Earl R. Hedrick 
wrote on the transmission of heat in boilers, and also on generalized 
forms of Hooke’s Law. Norbert Wiener has written articles on 
electrical filtering, white light, and Brownian motion. 

A few living American mathematicians have devoted them- 
selves almost entirely to applied mathematics. Harry Bateman has 
contributed substantially to electromagnetics and hydrodynamies, 
F. D. Murnaghan and J. L. Synge to dynamics, elasticity, and rela- 
tivity, H. P. Robertson and R. C. Tolman to relativity, while T. C. 
Fry has applied mathematics to the electrical industry. Some of 
these men are of the British school. However, an idea of the ecom- 
paratively small activity in applied mathematics here can be ob- 
tained by an examination of the regular invited addresses giver to 
the American Mathematical Society. In the period of April, 1921 
—April, 1938 there were 204 such addresses of which 36 were in 
applied mathematics. Of these, only 9 can be classed as of the 
engineering variety. 

European mathematicians have always shown a keen interest 
in applications. The work and influence of Isaac Newton (1642- 
1727) in this direction was tremendous. Leonhard Euler (1707- 
1783) established the general equation of hydrodynamics. Joseph 
LaGrange introduced the least action principle into mechanies. 
Rudolph Clebsch (1833-1872) wrote the basic book on elasticity 
theory. Augustin Cauchy (1789-1857) remarkably enough de- 
voted himself to all of the major fields of both pure and applied 
mathematics. Carl Gauss (1777-1855) was particularly active in 
geodetics and astronomy. Felix Klein (1849-1925) contributed to 
structural analysis, relativity and mechanics. Henri Poincaré 
(1854-1912) published results on the mathematics of the steam 
engine, and wrote an important paper (1907) on the magnetic 
energy in alternating systems. David Hilbert (1862-— ) was in- 
terested in mathematical physics although his work in this field did 
not have an influence to be compared with his significant develop- 
ments in the various branches of pure mathematies. This is by 
no means an exhaustive list of the European giants, excluding in 
particular such men as Galois and Abel. Since a number of great 
mathematicians, such as Euler and Hilbert, turned to applied 
mathematics only late in life, it is not unreasonable to suppose that 
Galois and Abel might also have made significant contributions in 
applied mathematics had they but lived a normal span. Thus it 
has been that in Europe pure and applied mathematics have ad- 
vanced hand in hand. 

With the recent influx of the finest of European mathematicians, 
interest in the applied field has received a new impetus. Hermann 
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Weyl, John Von Neumann, Richard Courant and Albert Einstein 
are some of the men who have stimulated the American scene. 

In speaking of applied mathematics it is advisable to distinguish 
between two schools into which this field can be divided. The one 
is the school of mathematical physics, concerned with the establish- 
ment of general relations between physical phenomena, whereas the 
other is the school of engineering mathematies focusing its atten- 
tion on special problems which arise in the various branches of 
engineering. An example of this is the problem in aeronautical 
engineering of the lift of an airplane wing, with special attention 
given to the practical possibilities of the solution. 

The field of engineering mathematics made noteworthy progress in 
Europe near the end of the last century after the visit of Felix Klein 
to the 1893 Chicago World’s Fair. Klein was so much impressed 
by the raw materials, energy, and mechanical developments in this 
country that upon his return to Europe, so short of raw materials, 
in an effort to help her maintain her industrial position, he organized 
at Géttingen a school of applied mathematics and mechanics with 
the emphasis on engineering mathematics. T. Von Karman and 8. 
Timoshenko, whose influence on modern engineering has been tre- 
mendous, were products of this school. Flying in the early days 
was in the hands of inventors and craftsmen, whereas the Gottingen 
group evolved the necessary theory, and since there was no large 
body of conservative engineers to resist new methods, this branch 
developed rapidly and has profoundly influenced hydraulies and 
structural analysis. Von Karman and Timoshenko are now in this 
country, and are known as engineers rather than mathematicians. 
Also claimed by the engineers are such Americans as Joseph 
Slepian, who has done excellent work on electrical ares, L. A. 
Hazeltine, who invented the neutrodyne circuit of radio, and 
Thornton Fry, mentioned before, who has done considerable work 
on telephone exchanges and long distance communications. 

With the advent of the second world war there has been a 
natural growth of interest in applied problems. The first school 
of engineering mathematics in this country was founded in 1941 
at Brown University, receiving support from the U. S. Office of 
education, and the Carnegie Corporation of New York, as well as 
the University. It is a significant indication of the dearth of Ameri- 
can trained applied mathematicians to know that the faculty of this 
school has been composed entirely of European trained men. It 
is fortunate that such men as Richard Von Mises, Willy Prager, 
Willy Feller, Hans and Eric Reissner, Kurt Friedrichs, and others 
have been available. 

There is as yet no journal of applied mathematics in this country 
although there is a serious need for one. The Journal of Mathe- 
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matics and Physics has been largely devoted to this field but has 
been primarily an outlet for the publications of the faculty at the 
Massachusetts Institute of Technology. The founding of the 
Journal of Applied Mechanics has been of some assistance while 
the Physical Review has published a great many papers in mathe- 
matical physics, but there is still a real demand for a journal on a 
level between the mathematics journals and those of the physicists . 
and engineers, one which would accept papers with a style not so 
severe as that required by the mathematical journals, and with ap- 
plied features not quite so practical as those demanded by the 
engineering journals. Such a journal would do much to strengthen 
the position of applied mathematicians. 

Not only has applied mathematics been neglected academically 
but industry has not had the policy of employing mathematicians 
as such. With the exception of a handful of the largest corpora- 
tions who recognize their value, the position of mathematicians in 
industry has been analogous to that of the physicists of but a few 
years ago. At that time industrial problems which could have been 
best treated by physicists were turned over to men in other fields. 
The recent decided change in this situation has been largely due to 
the founding of the American Institute of Physics in 1931 with 
Henry A. Barton as its full time director. This institute has had 
an important influence in the promotion of industrial physicists 
with the result that the present reception of physicists by industry 
is incomparably more enthusiastic than that of mathematicians. 

To educate industry to the use of mathematicians it is neces- 
sary that those employed label themselves mathematicians. It is 
necessary also that they become more familiar with the various 
branches of engineering so as to be fully equipped to attack engi- 
neering problems. Since the average engineer has had relatively 
little training in mathematics, he is not in a position to abstract a 
problem to a point where the mathematician can begin work on it. 
Therefore, to serve industry, mathematicians must know enough of 
the fundamental laws of elasticity or electrical networks, for ex- 
ample, to be able to transform a problem into mathematical terms 
from the physical situation. They should also be familiar with the 
various methods of measuring physical constants and be able to 
carry out or at least supervise experimental work. 

Engineering schools are in an ideal position to train applied 
mathematicians. Here, because of the close association of mathe- 
maticians with their engineering colleagues the development of the 
applied field can best be fostered. The beginnings made at Brown 
University in this direction should be extended. Students should 
be encouraged to obtain the doctorate in applied mathematics and 
in addition to a thorough program in pure mathematies, courses in 
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such subjects as elasticity, plasticity, hydrodynamics, aerodynamics, 
electrical networks, electrodynamics, and thermodynamics should 
be offered. Such a program would be considerably aided by the 
publication of a textbook on engineering mathematics which would 
not only state leading engineering problems in mathematical terms, 
but would show the origin of the mathematical formulation. In 
view of these circumstances it is clearly possible for the professors 
of mathematics in the engineering schools to play an enviable role 
in bringing applied mathematics into a justly important position 
in this country. 
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TEACHING METHODS AND COURSE CONTENT OF 
“INTRODUCTION TO ENGINEERING” 
AT RUTGERS UNIVERSITY * 


By G. A. OLSEN 


PuRPOSE AND CONDUCT OF COURSE 


During the summer of 1941 Rutgers University conducted, as 
part of its elaborate program of national defense training in New 
Jersey, a course in ‘‘Introduction to Engineering” for recent high 
school graduates. The course was designed to meet the pressing 
need for technical assistants, draftsmen, junior machinists, etc., re- 
quired by the many nearby industries laboring heavily under large 
national defense contracts. Included in its curricula were studies 
in engineering problems, metallurgy and metal processing and engi- 
neering drawing. It is the purpose of this paper to discuss the 
methods of presentation and course content of the first of these 
three, engineering problems, to analyze it in the light of similar 
courses given in the regular college curricula and present certain 
conclusions from these analyses. The eighty students who took this 
course came from twenty-three different communities, some located 
as many as 45 miles from New Brunswick. With but a few excep- 
tions, they had just graduated from high school. Some weeding 
action took place prior to their acceptance but this was only of the 
very superficial kind. All had comparatively good high school 
records, but as will be shown later, there were many below college 
caliber. 

CouRSE OF STUDY 


Sometime previous to the commencement date, there was 
planned a tentative outline of the course to be followed. This 
outline provided a rather slow but thorough program of study. It 
was a step in the dark as most proposed outlines must be where 
the background of the students is not fully known. The speaker 
and his colleagues soon found out that the proposed outline was 
entirely inadequate. Some students grasped the significance of the 
subject matter very quickly—others failed utterly. Some students 
who had obtained good grades in mathematics now showed them- 
selves to be woefully weak. There were too many of this type to 
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show that they had suffered a sudden reversal of form. Startling 
“mathematical revelations” proved beyond a doubt that their 
preparation for the intended course was poor. 

In order to keep the better students interested and have those 
less prepared dwell on fundamentals, it was necessary to divide the 
students into four groups, A, B, C, and D. Whereas previously 
every student followed the same program, now two separate pro- 
grams were instituted—the more adyanced for A and B and the 
less advanced for C and D. It was interesting to note how effec- 
tively the separation was consummated. At the end of the first 
week the students were given a fairly simple examination covering 
mensuration and practical computations. The grades obtained for 
this quiz were used almost entirely in affecting the separation. As 
the work of the two separate programs progressed it was seen that 
with a possible exception of one or two cases, the division had been 
correctly made. 

It was the more advanced program that the speaker was privi- 
leged to teach and all remarks hereafter made will refer to groups 
A and B alone. Out of a total of 44 hours a week in school, 20 
hours were devoted to engineering problems. These hours were 
arranged in groups of four held either in the morning or afternoon 
on five days of the week. Groups A and B alternated in engineer- 
ing problems on Thursday and Friday, respectively. The Saturday 
morning hours were devoted to a review and an examination of the 
week’s work. Time for supervised study was made necessary due 
to the stipulation of those in authority that no outside work should 
be required. 


PRESENTATION OF SuBJECT MATTER 


The groups of four hours were, as initially proposed, broken 
down in order of—one hour of lecture, two hours of supervised 
study and one hour of review. In groups A and B it was felt that 
the hour for review was not essential and should be substituted 
with an additional lecture on a topic, interesting and if possible 
relevant to the subject studied in the preceding study period. The 
part-time instructor gave the lecture at this hour. One of the most 
pleasing things concerning the four-hour session was its flexibility. 
There were times when the lectures overran the hour allotted. 
There were also times when the supervised study periods were 
allowed to run over the two hours initially proposed. Whenever 
these changes were made, it was felt that they were made to the 
advantage of the student. For example, on June 23 the students 
were handling their slide rules for the first time and were especially 
interested. At the end of the supervised study period their fasci- 
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nation was undiminished and their need for additional dexterity 
still wanting. To have disturbed this critical concentration period 
would have been unwise and they were allowed to continue working 
problems to the end of the four-hour period. 

The main lecture, given as has already been indicated at the 
beginning of the four-hour session, covered as thoroughly as possible 
only those topics intended for the supervised study period. In the 
speaker’s opinion, time taken: to cover topics in lecture which are 
not followed by problem work in the very next study period is 
largely wasted. It was also considered wise to review at the be- 
ginning of the lecture the work of the previous day. This was 
dovetailed into the advanced work as the lecture proceeded and 
helped to overcome the lack of orientation in thought evidenced by 
some students. This state of mind was probably caused by the 
lack of outside preparation. 

Groups A and B were separated during the supervised study 
period. One assistant instructor was assigned to each group under 
the supervision of the instructor in charge. The latter traveled 
from one group to the other assisting in clearing vague points and 
supervising the study. The work performed during the study period 
consisted of problems taken from the textbooks and special prob- 
lems assigned whenever additional work seemed advisable. A suffi- 
cient number of problems was assigned to keep the average student 
continuously busy during the two-hour session. Care was taken 
not to assign an overabundance of work. If, in the event, a student 
finished before the allotted time, he was the recipient of a few words 
of praise and an additional problem or two to keep him occupied for 
the remainder of the period. The flexibility of this method of 
assignments afforded an opportunity to: 


1. Give a large number of problems. 

2. Vary the difficulty of the problems assigned. 

3. Adjust the number of problems assigned. 

4. Provide advanced students with difficult problems. 
5. Clear up immediately isolated points of difficulty. 


In the course of the supervised study period, caution was taken 
not to answer questions directly until after a sufficient number of 
“provocative thought raisers” had failed to produce the desired 
result. This Socratic method of answering questions led to the 
belief that the students were building a logic of their own. It was 
also noted at first that certain students lacked the confidence to 
accept their own results as correct. This particular method seemed 
to dispel their fears. It was interesting to note that these fears 
seemed empty in face of the improved logic. 
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To one who had never had occasion to acquaint himself with 
supervised study, the attentiveness of the students to their work 
during these periods was amazing. Would that all our regular 
college students would concentrate as well!! Due to the decrease in 
waste motion, it was observed that the work accomplished by an average 
student in two hours was equal to, and in many instances greater than, 
two outside assignments given in regular day school. 

The question is sometimes raised as to whether or not the stu- 
dent would be better off trying to puzzle out the answer to his own 
questions. While the speaker would not minimize the benefits of 
this method, he believes the efficiency of it is low. If the ability 
to solve problems is any indication of a person’s command of a 
subject it should prove quite conclusively that the inclusion of a 
supervised study period is an excellent means of attaining this 
facility in a shorter time. But, the question is again raised—‘‘does 
it not make him a mental weakling, dependent on others for assist- 
ance?’”’ It might if the course did not consist of the manipulation 
of principles rather than of arbitrary facts. Inasmuch as the course 
emphasized the handling of fundamentals and problems different 
from those solved in class were given on frequent examinations, 
this objection should not be seriously considered. 


FourtaH Hour LEcturE 


The fourth hour lecture was introduced as a means of awakening 
interest in an advanced, related or parallel field. This step was 
taken when it was noticed that the students were usually tiring of 
solving problems at the end of the two-hour supervised study period. 
This extra “‘shot in the arm” served to prevent the stalling which 
would have occurred had the two-hour problem period been length- 
ened to three hours. The topics covered were briefly reviewed in 
the next regular lecture and problems assigned served to fix the 
material more definitely in the students’ minds. While some of the 
students found it difficult to focus their entire attention upon the 
instructor for the duration of the lecture, it must be said to his 
credit that without the addition of these fourth-hour lectures the 
amount of work would have been substantially reduced. 


REVIEWS AND EXAMINATIONS 


During the first hour on Saturday mornings a review was given 
of the topics covered during the preceding week. Principles were 
emphasized and simple problems served as illustrations. No in- 
volved discussions were attempted. 

The weekly examination followed immediately after the review 
period. In the beginning of the course open book examinations 
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were held. In order to provide greater mental development these 
were eliminated in favor of examinations where no assistance of any 
kind was given. In the opinion of the boys, it made them work 
harder, they were compelled to pay greater attention to the lectures 
and they developed a greater confidence and ability in their work. 

The thoroughness of the examination made possible by the three 
hours available soon proved to be an excellent means of detecting 
weak points. The weekly examinations were intended to take about 
two hours to complete. This allowed the students an additional 
hour, if necessary, to complete the quiz. It had been initially pro- 
posed to use this last hour of the morning for a review of the quiz. 
This, however, seemed to be an anti-climax and was eliminated in 
favor of the additional time granted to slow students. 

The weekly examinations were marked by the three assistant 
instructors. Due to the installation of a rotational system, each 
student received the benefit of the judgment of all three assistants. 


DEGREE OF LEARNING 


Trying to compare the grades of the students in this ‘‘ Introduc- 
tion to Engineering” course with grades attained by regular college 
students is not an easy task. The difficulties are many. However, 
the opportunity of frequent and thorough examinations, graded and 
checked by four different people provided grades which in the 
opinions of those responsible were as representative of educational 
levels as was possible to produce. These grades together with an 
intimate knowledge of the students who obtained them have served 
to crystallize the opinion of the speaker for the comparison about 
to be made. 

Contrasting the degree of learning of the college students the 
writer has been privileged to teach with that of the students in this 
summer course, it is not difficult after an analysis of the grades and 
abilities of each student to derive two surprising conclusions. The 
first is that the students in the summer course knew their subject 
as well as, if not better, than the regular college students, and 
second, there was a smaller range between the best and poorest 
student, indicating a higher group efficiency. 

The final examination was rather extensive in scope as it covered 
a smattering of mathematics, mechanics, kinetics and strength of 
materials. Due to the wide variety in course material and the lack 
of any thorough review either in or out of class, it was both gratify- 
ing and interesting to note the grades obtained. 

Let us analyze those for Group A—that group most closely 
approximating college material. The average of the grades was 
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75 per cent. Separating the grades into groups we obtain the 
following classification: 


100%-90%—3 
90%-80%—6 
80%-70%—3 
70% -60%—5 
60%-50%—2. 


These grades do not, in the speaker’s opinion, indicate any poorer 
results than would be obtained in any other similar college group. 
It might possibly exceed them. For this reason, it is believed that 
these students proved themselves to have learned as much and 
possibly more than an average college student. It is to be remem- 
bered also that these students were under other disadvantages such 
as summer heat, 44 hours of school work a week, no vacation period 
prior to entrance from high school, and in many cases long com- 
muting distances. 


TimE COMPARISONS 


In these trying days, the subject of time has served as conver- 
sation for many lips. Time is no less important in the classroom 
these days than in the factory. And yet, in the light of the time 
consumed in the teaching of our lecture courses, are we availing 
ourselves of the most efficient method of “putting across” that 
which we have to teach? Let us look at a few facts. 

The subject of mechanics has its roots in many college courses. 
The elements are first attacked in the regular Physics course where 
in most instances a half of a semester is devoted to this subject. 
Then again it is not unusual to find a freshman orientation course 
devoting some, if not all, of its time to the elementary principles 
of mechanics. Further, in the sophomore year a more formal course 
is usually given covering the two phases of mechanics, statics and 
kinetics. 

A tabulation of the maximum and minimum number of hours 
usually devoted in these courses to topics covered in the “‘Intro- 
duction to Engineering”’ course shows the following: 


Min. Max. 

General Physics—7.5 weeks at 6 hrs./week (Includes 
eT) RE PRE IE EI NE SNe PL AOE) 45 45 
Freshman Course—15 weeks at 3 hrs./week............... 0 45 
Dene BON. 655 oS Re 10 15 
Semen TN. anos Ris hes Kee 12 16 
67 121 


(Does not include outside assignments) 
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These same topics covered in the “Introduction to Engineering” 
course required the following number of hours of lecture and super- 
vised study: 


MINE, otc cede tore sy og 40 
SIS orb hi Sees sued as as oss 31 
5s 5 eeckld AUR re CTO 71 


(No outside assignments required) 


This comparison, while perhaps a little rough, due to the wide 
variety of courses and techniques, nevertheless shows that mechan- 
ics can be taught more efficiently by the supervised study method 
and will produce as good students, if not better, than those sub- 
jected to pure lecture courses. These comparisons have been made 
with other subjects taught in this introductory program and the 
results have indicated the same trend as shown before. 


COMPARISON OF TEACHING LOADS 


Here lies the inherent criticism of the supervised study plan. 
There never has seemed to be any question concerning the greater 
number of instructional hours required. And yet, few figures are 
available showing just how much more time will have to be spent 
by the instructor. Let us analyze this situation by using again 
the same subjects of statics and kinetics appearing in the previous 
paragraphs. The maximum and minimum teaching load in the 
regular college courses required to teach the topics covered in the 
introductory course is as follows: 


Hours 





Instructor Assistant 
ST IE 8. ca. sae oelne ORG es hen 45 24 
MUI. 5 Os Gio ss ikke od ewckewame sti O- 45 0 
NINO TRMENOS. 65 5 SE 10—- 15 0 
Sophomore Kinetics... .. 6. 6.0.2 eds ee ccess 12- 16 0 

67-115 24 


The teaching load required in the “Introduction to Engineering” 
course to cover these same topics is as follows: 


Hours 


Instructor Assistant 
RRS le reo ieee ROL pp a oe Se Ta SO Ne a 40 18 
TMU see Asa he oa Oe ee esa ee oe eee ws 31 16 
71 34 


These figures would indicate that the number of hours of teach- 
ing load for the instructor is approximately the same for both 
set-ups when the college courses require the minimum number of 
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hours. But as the number of courses involving the study of 
mechanics increases, the advantage lies with the combined course 
taught by the supervised study method. Under this plan the 
required assistant would, however, be on hand a greater number 
of hours. Whether or not the small difference here is significant 
is an open question. Surely the supposed great difference in teach- 
ing load would not exist if the various courses teaching mechanics 
could be grouped together under one main course. 


CONCLUSIONS 


There is an old Latin proverb, “Repretitrio Mater Epucato 
Est” which when translated into English infers that repetition is 
the sure way to learn a subject. This is undoubtedly true. But 
the question arises, ‘‘How much repetition is desirable in a college 
curriculum to enable the student to continue his studies in a profit- 
able manner?” Is it necessary, for instance, for a student to repeat 
the subject of Statics two or three times before he is prepared to 
take a course in Strength of Materials? The speaker finds it hard 
to believe that this type of repetition is necessary. He believes 
that students in engineering need not take more than the one 
Mechanics course using the supervised study method before com- 
mencing further advanced studies. Whatever repetition is neces- 
sary will be obtained with the solution of a greater number of 
problems in class and with problems in the succeeding advanced 
courses. 

This last thought provokes still another argument. Should the 
supervised study plan be adopted for all engineering courses? The 
speaker believes that the advantages of this method would suffer 
if it were adopted for courses other than the basic service courses. 
It is his belief that no advanced subject can be thoroughly mas- 
tered without considerable self-study. 

No attempt has been made to suggest how a course of this type 
and layout could be fitted into the program of an institution oper- 
ating at near capacity at the present time. This difficulty is 
unique and calls for an individual solution. If, however, a pro- 
gram has benefits such as accrued from the methods adopted in the 
“Introduction to Engineering’ course at Rutgers, the speaker feels 
that its adoption into the curricula of our universities and colleges 
should be seriously considered even at this time. 

_ The writer wishes to express his indebtedness to his colleague 
Mr. Sylvan Fich who delivered the fourth hour lectures and helped 
crystallize much of the thought in this paper. 

















SURVEY OF TYPE AND CONTENT OF COURSE MATE- 
RIAL IN MECHANICAL ENGINEERING 
LABORATORY INSTRUCTION * 


By FRANK L. SCHWARTZ 


Assistant Professor of Mechanical Engineering, University of Michigan 


Questionnaires were sent to thirty-three schools and replies were 
received from 91 per cent of the schools canvassed. The survey 
covers twenty per cent of the engineering schools and forty-five 
per cent of the students of engineering schools in the United States. 

At the annual meeting held at Pennsylvania State College in 
1939, Professor Elliott of Wisconsin presented a paper, ‘‘A Survey 
of Heat Power Engineering Courses in the United States.’’ Pro- 
fessor Elliott’s paper dealt primarily with classroom instruction 
and heat power texts. The purpose of the present survey is to 
consider laboratory instruction for mechanical engineering stu- 
dents, particularly heat power laboratory instruction. Also, it 
would be of interest and value to compare the course content at 
intervals of say, ten years. Some of the experiments recently 
added to laboratory courses include heat transfer, fluid flow, metal- 
lography, and mechanical vibrations. As industry changes be- 
cause of new developments, new courses are added to the curricu- 
lum, or at least the content of older courses is changed. These 
changes should apply to laboratory courses as well as to classroom 
courses. 

The data have been tabulated on the accompanying chart. The 
number of clock hours assigned to mechanical engineering labora- 
tory varies considerably in a range of 90 to 320 hours, with an 
average of 203 hours. Relatively few schools offer additional labo- 
ratory courses as electives. The number of required courses varies 
from 2 to 5. The credit hours allowed for the required courses — 
ranged from 2 to 20. However, since there is not a standard defi- 
nition of a credit hour, the number of credit hours allowed for 
required mechanical engineering laboratory courses has little 
significance. 

The number of students per instructor varies from 5 to 38, with 
an average of 14.6. Over half of the colleges canvassed require 
complete reports on all experiments performed and, with two excep- 

* Presented at the fiftieth annual meeting, S. P. E. E. (Mechanical Engi- 
neering), New York City, June 27-29, 1942. 
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tions, all schools require complete reports with at least 50 per cent 
of the experiments. In about 14 of the schools the English Depart- 
ment reads at least some of the reports. In only one school does 
the English Department grade the reports. In % of the colleges 
students are urged to secure a reference book. in all but two 
schools mimeographed notes or laboratory manuals are used and 
there seems to be little preference between notes or manuals. Sev- 
eral schools use both. 

The course content varies within wide limits. The large varia- 
tion of course content is influenced by such factors as available 
equipment, interests of instructors, specialization in certain fields at 
a given institution, type of school and allocation of theory courses 
among the several departments of a given school. The experiments 
have been listed on the chart under the headings: Instruments, 
Prime Movers, Power Plant Auxiliaries, Hydraulics, Air Condition- 
ing, Heat Transfer, Refrigeration, Fuels, Oil, Mechanics, Materials. 
Many of the experiments could be classified under several headings. 
Certain experiments are combination experiments such as a com- 
bined test of a boiler and steam engine. Instruments is the second 
largest group of experiments. In some schools the study of instru- 
ments is made a part of an experiment wherein the instruments are 
used. Thus blank spaces in the instrument group do not necessarily 
indicate the particular instrument is not studied or calibrated. 
The largest group of tests is that involving the testing of prime 
movers with about as many tests of internal combustion engines as 
of steam engines and turbines. The principal tests of prime movers 
include: Valve Setting, Steam Engine Tests, Turbine Tests, Auto- 
motive Type Engines, Diesel Engines. 

Of the Power Plant Auxiliaries group the most popular experi- 
ments are: Injector, Centrifugal Pump, Steam Pump, Air Com- 
pressor, Boiler Test. 

At least half of the schools surveyed have separate hydraulic 
laboratory courses given by either the mechanical, civil, or applied 
mechanics department. Several schools seem not to give any labo- 
ratory work in hydraulics. A few schools include the study of hy- 
draulic equipment in their heat power laboratory. 

Most schools have included one or more experiments on air 
conditioning. If not dealing with cooling and dehumidification, 
experiments on domestic boilers, unit heaters or radiators are usu- 
ally assigned. Some attempt has been made to include experiments 
involving heat transfer calculations, but the present survey shows 
that only a few experiments are assigned in only a few schools and 
the experiments appear to be rather elementary. Nearly all courses 
have an experiment on compression refrigeration, but few attempt 
experimental work on the absorption system or steam jet refrigera- 

















ent 
irt- 
oes 
Zes 
wo 
nd 
ev- 


‘ja- 
ble 
at 
ses 
nts 


on- 
ls. 


gs. 
m- 


ire 


"a- 








MECHANICAL ENGINEERING LABORATORY INSTRUCTION 451 


tion. Fuel testing is largely limited to determination of heating 
value of coal and gas, proximate analysis of coal and flue gas analy- 
sis. Apparently few laboratories are equipped with CFR (Co- 
operative Fuels Research) engines. Laboratory instruction on 
physical properties of oil is included in a majority of cases either 
in a heat power laboratory course or in a special fuel and oil 
laboratory course. 

A list of experiments given at only one or two institutions in- 
cludes: Curve Drawing, Determination of Clearance, Governors, 
Valve Gears, Locomotive Test, Triple Expansion Steam Engine, 
Boiler and Engine Test, Power Plant Study, Diesel Engine Timing, 
Radial Engine, Pulsometer, Rotary Pump, Superheater Test, Evap- 
orators, Producer Gas Plant, Automatic Controls, Kohler Electric 
Light Plant, Hydraulic Ram, Automatie Ventilators, Heat Trans- 
fer Through Copper Tubing, Guarded Hot-Box Performance, 
Guarded Hot-Plate Performance, Fin Tube Coil, Fan Heating and 
Heating Systems, Vacuum Jet Refrigeration, Pressure-Temperature 
Characteristics of Liquid Fuels, Ash Fusion Temperature, Carbon 
Residue of Liquid Fuels, Screw Jack, Hoist, Electric Crane, Fric- 
tion Drives, Belt Drives, Speed Reducer, Twist Drills, Railway Dy- 
namometer Car, Railway Brake Shoes, Automotive Brake Tester, 
Vibration Analysis of Machine Bases, Pressure Temperature Re- 
lation of Steam, Psychrometrie Tests, Adiabatic Saturation. 

The data on the chart cannot be considered as complete. Some 
experiments might be given in other laboratory courses. This is 
particularly true with experiments on hydraulics, fuels and mate- 
rials. No indication is given concerning the extent or time allotted 
for a given report. 

At the bottom of the chart are tabulated seven laboratory 
courses other than heat power laboratory, with the departments in 
which they are taught. These data were obtained from college 
catalogues. A large variation in course names is to be found. 
These courses are listed under the names: 

Metallography, Physical Metallurgy, Metals and Alloys, Metallurgy 
Laboratory. 

Hydraulic Laboratory, Fluid Mechanics, Fluid Flow. 

Strength of Materials Laboratory, Materials Laboratory, Engi- 
neering Materials Laboratory, Materials Testing, Mechanics of 
Materials, etc. 

Fuels and Oil Laboratory, Fuels and Combustion, Engineering 
Chemistry. 

Internal Combustion Engine Laboratory, Automotive Laboratory, 
Diesel Laboratory, Aero Laboratory. 

Machine Design, Vibration Laboratory. 
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There is a wide variation in departments assigned to teach 
metallography, hydraulic laboratory, strength of materials labora- 
tory, and fuels laboratory. Fifty per cent of the colleges in the 
survey are giving laboratory instruction in metallography. Hy- 
draulics laboratory is also included in half of the schools as a sepa- 
rate course. Other schools include hydraulic experiments in me- 
chanical engineering laboratory. Nearly all colleges have strength 
of materials laboratory given by either mechanical, civil, or me- 
chanies dept. About 14 of the colleges have a separate laboratory 
for fuels and oils. A few schools are operating a laboratory in 
parallel with machine design courses. This is a relatively new 
development. These courses include photoelastic studies of fillets 
and similar stress concentrations, lubricating properties of oil, bear- 
ing tests, critical speeds, vibration isolation of machine bases, gyro- 
seopie action, ete. 

An average curriculum in mechanical engineering would con- 
tain three or four courses in mechanical engineering laboratory 
with a total of 200 clock hours. There would be approximately 
15 students per instructor. Complete reports would be required 
for 85 per cent of the experiments. The English Department might 
be asked to read some of the reports but not to grade them. In- 
struction would be given by lecture and with the aid of a laboratory 
manual or mimeographed notes supplemented by reference books. 
About 29 experiments would be assigned and would include the 
following: Calorimeters, Steam Engine, two experiments, Steam 
Turbine, Internal Combusion Engine, two experiments, Diesel En- 
gine, Air Compressor, Centrifugal Fan, Compression Refrigeration 
Plant. Seventy-five per cent of the courses contain the above tests. 
Other experiments would probably include tests or study of: Plani- 
meters, Power Measurements, Dynamometer, Thermometers, Pres- 
sure and Vacuum gages, Manometers, Indicators, Indicator Springs, 
Gas, Water, Steam and Air Flow Measurements, Valve Setting, two 
experiments, Injector, Centrifugal Pump, Steam Pump, Boiler 
Test, Air Conditioner, Heating Value of Coal, Heating Value of 
Gas or Gasoline, Proximate Analysis of Coal, Flue Gas Analysis, 
Physical Properties of Oil. 

What should be included in a laboratory course and how labora- 
tory instruction can be made most effective are questions to which 
answers are usually given as opinions rather than facts. No one 
can accuse mechanical engineering laboratory instruction as being 
standardized. Perhaps engineering teachers of mechanical engi- 
neering laboratory are slow to develop new experiments and to re- 
vise old ones. One is always faced with the question of what should 
a laboratory course accomplish. Is the laboratory a place where 








ach 
ra- 
the 
Ty- 
pa- 
me- 
eth 
me- 
ory 

in 
lew 
lets 
ar- 
TO- 


on- 
ory 
ely 
red 
rht 
In- 
ory 
ks. 
the 
am 
‘n- 


ion 


ni- 
eS- 
gs, 
wo 
ler 


sis, 


ra- 
eh 
ne 
ng 
gi- 
re- 
Id 


re 





MECHANICAL ENGINEERING LABORATORY INSTRUCTION 453 


theoretical principles are tested; where the student becomes fa- 
miliar with the latest and best equipment; where rudiments of 
testing and properties of materials are illustrated ; where a student 
learns to plot data and write technical reports? 

Many questions concerning mechanical engineering laboratory 
might be asked. <A few are: 


1. Is it desirable or necessary to have experimental work in the 
laboratory parallel classroom instruction ? 

2. Should all tests conform to A. S. M. E., A. 8. T. M., 8. A. E., 
ete., codes where codes are available? 

3. Should students be required to use A. §. A. standard 
symbols? 

4. Is it desirable to have a separate mechanical engineering 
laboratory department? 

5. Should instructors of theory courses be required to teach 
some laboratory courses? 

6. What experiments now given might be omitted? 

7. How can some experiments be combined ? 

8. Is it desirable to assign a large number of experiments which 
are more or less specialized, or should a small number of experi- 
ments be set up which tie in several specialized tests? 

9. Should the test of an air compressor be assigned before the 
testing of a steam engine? 

10. What new experiments are highly desirable? 

11. Should mechanical engineering teachers attempt to deter- 
mine future needs of mechanical engineers and lay out laboratory 
courses to meet these needs, or should they wait until such demands 
are made by industry—.e., should the mechanical engineering labo- 
ratory instruction lead or follow the demands of industry? 

12. Are mimeographed notes more desirable than laboratory 
manuals? 

13. Should complete reports be required for all experiments? 











SOME DESIGN PROBLEMS OF THE LIBERTY 
CARGO SHIPS* 


By Henry C. E. MEYER 
Of Gibbs and Cox, 1 Broadway, New York City 


When I was asked to address you gentlemen I was given to 
understand that what I was supposed to talk about were certain 
engineering features in connection with War Work which might be 
of interest both from the engineering point of view, and from the 
practical production angle and also to see to it that they had some 
human interest values. Well, offhand I would say that there is 
very little you can touch upon in this war that is devoid of human 
interest as this struggle has become so widespread that each one of 
us is sorely affected by it in a thousand different ways. 

While many may be inclined to disagree with me when I say 
that a state of war in the broad sense is not a normal condition 
for humanity to live in, since all life is a struggle, yet I feel that 
peace and war conditions of the body politic can rightly be com- 
pared with health and sickness of the corporeal body. And as the 
corporeal body reacts abnormally during severe illness, so too in 
wartimes we experience abnormal and contradictory conditions. 
In war we see sublime courage and devotion on the one hand and 
unspeakable cruelty and suffering on the other. 

So on the one hand we have tremendous strides in advance in 
invention, on the other sheer necessity leads us to revert to prac- 
tices and implements which were gradually falling into disuse. 
This leads me to a particular phase of wartime construction, 
namely, the type of machinery used in the so-called Liberty Ships 
and the sound reasons underlying its adoption. 

While in the press we hear constant reports of how the ship- 
builders are not producing enough ships, the fact remains that this 
particular type of ship is being completed in great numbers and 
while many more are still wanted and every effort should be made 
to expedite their building it still is true that a colossal accomplish- 
ment has been made already and when peace finally comes, as it 
assuredly will, these vessels will have had an important part in 
bringing it about. 

Later on I propose to say a few things about what I believe to 
be some of the reasons underlying the fact that we are now desper- 


* Presented at the 50th annual meeting, S. P. E. E. (M. E.), New York City, 
June 27-29, 1942. 
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ately trying to make up for lost time, but first I want to discuss 
the genesis of the Liberty Ships, which were an outgrowth of certain 
other ships ordered by the British Government. 

In December, 1940 the British Government, faced with a con- 
stantly dwindling merchant fleet, decided to build sixty cargo vessels 
of roughly 10,000 tons deadweight, that is, cargo-carrying capacity, 
in this country and when they decided upon the type to be built 
they picked what is known as the North East Coast tramp. Now 
it happens that in the days of my youth I served an apprenticeship 
in one of the engine-building concerns on the northeast coast of 
England and later sailed in a typical tramp of this type, and hence 
this type of vessel had long been familiar to me and as a matter of 
fact was being remembered with a somewhat nostalgic interest. 
To anyone who has once sailed in the old reciprocating days, there 
never can be the romance in a turbine installation that there was 
in the old steam engine. I came across an old poem some time ago 
that expresses that feeling much better than I can and I will read 
it te you as it is short. 

THE RECEEPROCATIN’ Mon 

Oh! woesome ‘oor that saw the birth 

O’ turbine thochts in Parsons heid, 
I weesh that I wis aff the earth 

Or else the turbine men wer’ deid. 
I’M a receeprocatin’ mon, 

I luve tae hear the bearin’ bump. 
Or yet, the piston groan an’ grunt 

that’s religated tae a pump. 


This whurligeein’ thing I hate, 
For whatna guid is it tae dae? 

Tae see the fearsome thing gyrate 
Gar’s me puir stummick gang agley. 


I widna care if it had ocht 
Tae need a tender fitter’s hand, 
But it rins sae weel sin’ it was bocht 
I havna had to slack a gland. 


I hate the tribe of whurligeegs, 

It’s just a pinch o’ steam, then scatt: 
I’m a receeprocatin’ mon 

I stan’ or fa’ wi’ Jamie Watt. 


Please do not take this too seriously as all seafaring people are 
such fearful liars. They are beefing every minute they are at sea 
about the hard lives they lead and how they wish they had a small 
corner grocery store at home with a liquor license attached, but let 
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them once reach that Utopia, from the moment they leave the sea 
until they pass in their checks they are telling all and sundry all 
about the romance of the sea, etc. 

However, to return to our North East Coast tramp. This par- 
ticular type of vessel, while it has for the last forty years carried 
the bulk of the world’s cargoes, in some ways bears the same rela- 
tion to a modern cargo carrier as the Model ‘‘T”’ Ford bears to a 
modern automobile. 

We in America have developed cargo vessels fully the equal of 
anything abroad, and the British themselves have made consider- 
able improvements in machinery for cargo vessels, so we felt some- 
what surprised at the type of machinery selected, nay we were even 
dismayed as we were not at all sure that we could find today 
builders who could manufacture machinery of a type almost aban- 
doned here. That the British had their misgivings as to our ability 
to deliver was also very evident, since they provided us with draw- 
ings of engines which did not represent their latest types, which 
use poppet valves for the H.P. and M.P. cylinders, but with draw- 
ings of an engine substantially identical with those built forty years 
ago. Another step which on the surface appeared to be backward 
was that the vessels were to be coal-burning, hand-fired, with 
Scotch boilers. 

The use of coal which at first seemed surprising was however 
essential to the British as they were conserving their oil supply and 
in view of recent events we may come to regret some of our prodi- 
gality. Fortunately after we had become somewhat reluctantly 
reconciled to these decisions things began to happen. Two com- 
panies undertook to build shipyards with a promise to deliver the 
first ship in ten months. A builder who had built similar engines 
in the past undertook to build the engines. A manufacturer of 
locomotives undertook to build the Scotch boilers and so on and 
soon. As the plans supplied by Great Britain for the engines did 
not suit American Shop practices, the engine builders made new 
plans to cover points which in England are left to shop foremen 
and made the plans more readily adaptable for quantity production. 

While all of this is still leading up to the “Liberty Ships” before 
reaching them I want to direct your attention to what to me have 
been minor miracles. 

First, the engines were built and delivered on time and were 
excellent looking machines. Say what we will, they may have been 
of an almost obsolete design but there they were, and they are 
operating splendidly. 

Second, the boilers about which I had many misgivings were 
the best looking Scotch boilers I have ever seen. Many years ago 
I specialized on the design of this type of boiler and when I looked 
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on these boilers, I could not help but. feel that there had been a 
tremendous advance in the art of boiler making since last I was 
connected with it. 

Third, the new yards were built and vessels completed with 
organizations that an orthodox shipbuilder would have considered 
as hopeless amateurs, and yet when I saw the first vessel in dry 
dock I could not help but admire the smooth-efficient manner in 
which the ship had been built. 

Fourth, the first ship was delivered in October 1941, and on 
December 21, 1941 I was on board this vessel after it had made 
a fully loaded trip from the Pacific Coast through the Panama 
Canal to the East Coast. 

Now, as I said before, strange things happen in war times, and 
to me who had for so many years dealt with nothing but oil burning 
vessels, this return to hand-fired, coal-burning was somewhat of a 
shock. To pass from an oil burning fire-room where everything is 
painted light or polished to a fire-room where hot coals are dragged 
out on the floor plates and extinguished with sea water each watch 
is a frightful contrast and one cannot help but be impressed by the 
fact that a hand-fired coal-burning ship is as dependent on the 
strength of man for its propulsion as was the ancient galley that 
was rowed by oars. 

I have felt like a slave-driver myself many a time in the days 
when I used to run to the Gulf of Mexico and saw men collapse 
with fireman’s cramps when trying to keep up steam. For anyone 
who has not a clear picture of what going to sea meant even in 
peace times under such conditions I commend McFee’s book 
“Watch Below” which is the truest “picture” of that kind I have 
ever read. 

Before finally leaving the subject of the British ships, there are 
several things I want you to note: 

It is evident that their choice as to type was sound in that it 
ensured them having ships instead of promises of ships. 

The ships present no operating problems to the British and I 
want here and now to express my admiration for these merchant 
crews who carry on under indescribable hardships, and certainly 
Churchill’s words, ‘‘Sweat, Blood and Tears,” applies to them. 

Then the ships were and are being built on time and the British 
representatives here and abroad have not hesitated to praise the 
American builders and the quality of the ships. 

In view of the results obtained there can now hardly be any 
question as to the wisdom of the decision by the British to stick 
to a simple type of vessel. 

Shortly after the British Ships were contracted for the U. S. 
Maritime Commission decided to build a large number .of what 
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were then called ‘‘Ugly Ducklings” but are now generally referred 
to as “‘Liberty Ships.” I personally resented very much the name 
“Ugly Duckling” until one of my assistants drew my attention to 
the fact that in Hans Christian Anderson’s immortal fairy tale, the 
‘Ugly Duckling” turned into aswan. Well to a very large degree 
Hans Anderson’s tale has come true, as not only are the ships good 
looking ships for their type but what is more important they are 
also being built and delivered and many are in service today. 
However, there lies behind this accomplishment a great deal of very 
hard work and a great many bold decisions. 

First, while these ships are generally of a type similar to the 
British ships, many changes were made most important of which 
were the use of oil as fuel and water tube boilers instead of Scotch 
boilers. These two features were undoubtedly improvements, but 
the difficulty now arose that once started the tendency to change 
the design so as to “improve” it became almost an avalanche. 

You gentlemen, who are interested in engineering education 
have a great responsibility as our future will depend more and more 
upon successful engineering, but I think you should give consider- 
able attention to this tendency of ours to “improve” things. 
I will yield to no one, in my desire for advancement in engineering, 
or in my belief that when we stop progressing we die, but I have 
suffered a great deal in my career from ‘“‘improvements” made 
mostly by others but also sometimes by myself. 

Now, it can be imagined that when it was proposed to build 
very large numbers of American ships with machinery largely iden- 
tical with that of a British type of cargo steamer when we had 
developed cargo vessels*of a much higher type with much more 
modern machinery, it took a special set of circumstances and a 
special kind of courage to make the final decision. Unfortunately 
the special circumstances existed in the exigencies of war and thank 
God the courage was also there in the authorities who had the 
final say so. 

This does not mean that there was not a great deal of argument 
from the bright and well meaning individuals who desired to rescue 
some of the machinery from the stigma of antiquated design. 
I say it took courage in the face of such criticisms to finally insist 
on duplication of the British machinery wherever possible, and 
again I repeat such courage was present in high places. 

Now let me point out that had another course been followed 
the changes in minor details would have been legion, and while the 
ultimate result might have been a somewhat more efficient installa- 
tion several other and most unpleasant things might have happened. 

First, it has been my unfortunate experience in many cases that 
where an “improvement” is made in any piece of apparatus that 
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functions perfectly without this “improvement” we generally get 
into trouble. I have in mind a number of cases where certain 
apparatus had functioned properly for years, and when increased 
production was required other manufacturers were called upon to 
manufacture this apparatus from the original designs. As a matter 
of engineering pride the new manufacturers who were given the 
original designs made certain small apparently innocuous changes, 
which completely ditched the performance of the apparatus in 
question resulting in much loss of time and study to find in the end 
that the old features had to be restored. 

Next, whenever changes of this type are made they usually 
involve a great many conferences, and then unless the changes are 
properly tested out before their adoption, one has the unpleasant 
experience of finding that when the entire plant is tested the per- 
formance is marred due to the failure of some very small detail. 
As a matter of fact I am always much more afraid of the results 
from the failure of the small inconsequential details than I am of 
the major problems in engineering. As an example of what I mean 
I can cite the following! 

When after the last war the firm I am connected with recondi- 
tioned the S.S. Leviathan we found that the holds aft of the ma- 
chinery spaces all drained into one common space namely, the shaft 
alleys, where there were cocks which were supposed to be closed 
in case of a collision. We did not believe this to be a safe arrange- 
ment for a passenger steamer so we isolated the various compart- 
ments by installing separate closed tanks for each compartment. 
Yet we found the entire scheme was nullified as the pipe fitters 
connected all of the vents from the tanks to a common line below 
the water line. Fortunately the mistake was discovered before the 
ship went into service. 

In the machinery installations of the Liberty Ships in addition 
to the two principal changes mentioned before, there were many 
other more or less old-fashioned features and I will endeavor to 
enumerate the principal ones. 

The vacuum was maintained by air pumps of the ‘‘Epwarps”’ 
type driven by levers from the L.P. crossheads instead of by air 
ejectors and condensate pumps. The main feed pumps are of the 
vertical simplex reciprocating steam driven type. The main circu- 
lating pump is of the centrifugal type steam engine driven. The 
forced draft blower is of the multi-vane type driven by recipro- 
cating steam engine. The generators are driven by reciprocating 
steam engines. 

So you see all of these auxiliaries were of a type not very fre- 
quently built any more, and there was therefore quite a revival in 
the building of small reciprocating machinery. 
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When the Liberty Ship program got under way there were con- 
tracts made with about twelve engine builders who were all sup- 
plied with plans of the engines for the British ships. As stated 
before the first American manufacturer had redrawn and amplified 
the British plans to suit American practice. As soon as these plans 
were distributed the fun started all over again, as each manufac- 
turer had practices that differed somewhat from the others, and 
correspondence about details took on such tremendous proportions 
that utter confusion would have resulted had not a conference 
between all of the engine manufacturers and the various interests 
been called to straighten out details. Two days of such a confer- 
ence performed marvels. All of the difficulties were ironed out and 
from then on the progress was rapid with a minimum of questions 
arising. The cooperation of these engine builders with the various 
authorities and with each other was a most healthy example of what 
American unity can do when it wishes to really ‘‘go to town.” 

What worked in the case of the engines was equally effective 
in the case of the boilers, auxiliaries, deck machinery and other 
component parts of the vessel. This most cooperative effort bore 
splendid fruit. 

I well remember the last World War when we also endeavored 
to build “a bridge of ships” as it was then called. I was connected 
with the American Bureau of Shipping at the time and got a very 
intimate view of the entire picture. Yards sprang up all over the 
country, and almost each yard designed a type of vessel of its own. 
Hence all of the yards competed with each other for the technicians 
available in the country and as shipbuilding had always been more 
or less a child of misfortune, that group of technicians was spread 
out pretty thin. 

Then the various yards competed with each other in obtaining 
equipment and in general machinery designed for ships building in 
one yard could not be changed to another yard. From this re- 
sulted the condition that if a machinery builder failed to deliver 
on time the ship had to wait, or if the ship was late the engine would 
be left standing on the dock. In view of this confusion it was sur- 
prising that any ships were completed before the Armistice, and 
the painful fact is that of some two thousand ships ordered during 
the last war the very great majority were completed after the 
Armistice. 

Thank God, some one had the foresight to avoid such a thing 
this time, and as a result today ships are building at many yards 
that are identical, and engines, boilers, shafting, propellers and 
auxiliaries are being swapped all over the country, ships which need 
engines, getting them on time whether they were the engines sched- 
uled for them or not. 
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I mentioned a few moments ago the fact that some two thousand 
ships were built during and after the last war with great hopes for 
an American Merchant Marine. Where are all of these ships? 
Gentlemen the tragedy of it is that nearly all have gone to the 
scrap-yard, and unfortunately a great deal of that scrap has been 
used by Japan to make munitions to shoot back at us. 

I said some time ago that I wanted to touch upon some of the 
reasons why we have been so unprepared as regards our maritime 
affairs. 

If one reviews the history of the United States one finds that 
while we can exert tremendous efforts in the face of great stress to 
build both a merchant marine or a Navy, we become completely 
apathetic the minute the danger passes, and while we now promise 
ourselves that we will make this the greatest maritime nation in 
the world, we’ll ship our goods in German and Japanese ships after 
the war is over if we don’t make up our minds now, “That it shall 
not happen again.” 

Right at the present time there is naturally a great interest in 
the magnificent performance of our Navy and also everybody is 
keenly aware of the ery for more and more ships. But how many 
of us realize that between the end of the lst World War and 1933 
there was very little Naval construction of any kind, and that there 
were built only very few merchant ships for any purpose? 

As mentioned before the speaker was interested in the recon- 
struction of the Leviathan after the Ist World War and while tem- 
porarily there seemed to be some interest on the part of the American 
public in American ships at the time this ship went into service, 
I heard many Americans say not long after, ‘Why should we travel 
on American ships where you can’t get a drink?”’ Well, gentlemen, 
I never thought much of Prohibition, but I think it is pathetic that 
the patronage of many Americans went by preference to non- 
American passenger ships for the sake of a drink. As a matter of 
fact I doubt if some of the thirsty ones would have found it abso- 
lutely impossible to have their wants met even on American ships. 
This apathy of the public in maritime affairs is to a large extent 
responsible for the fact that we are now feverishly building up our 
Navy. Surely it cannot be blamed on the Navy as they have 
consistently begged and pleaded for a long range plan of building 
up the Naval Forces, but disarmament was in the air, and as was 
said many times “‘ Public opinion would not stand for it.” 

Now, “Public opinion” is you and I and all political leaders are 
very sensitive to ‘‘Public opinion” and if enough will clamor for 
tax reduction the first thing to go will be appropriations for the 
armed forces. So, we have our choice right now. 
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When the war is over we can start yelling for reduction in arma- 
ments with the inevitable result that in some twenty years we will 
again be unprepared, and remember, the time element wherein we 
can “catch up” on the enemy is ever getting shorter, and the diffi- 
culties of getting started from scratch are ever getting greater as 
mechanical science becomes more complicated. On the other hand 
we can start now and resolve that come what may, we will oppose 
any move that will allow our armed forces to slump back into a 
condition where an enemy can prepare himself over a period of 
years to attack us when he feels he is good and ready. I am for 
disarmament of the “‘ Enemy.” 











ESMWT—AN EXPERIMENT IN ENGINEERING 
EDUCATION * 


By FRED W. OCVIRK 


Cornell University 


The ESMDT, now ESMWT, has been in force for over a year 
and a half, and there is no doubt that it will continue to be in 
foree for sometime to come. No one actually knows how long it will 
endure, but we are faced with daring to think of the possibility 
that it may become a peacetime institution. However, whether it 
survives a long life or not, the ESMWT has been and still is an 
experiment which will leave its effect upon engineering education 
and may even reach into its peacetime policies. With the permis- 
sion of this body, I should like to make some remarks about the 
possible trend in engineering education based upon observations 
made in the ESMWT program sponsored by Cornell University in 
Buffalo, N. Y. . 

The ESMWT has become a meeting ground for three impor- 
tant agencies, namely, the United States government, industry 
and the university. The fact that these agencies have been so 
closely united for the common interest of the people of the United 
States and for democracy indicates that the university has a large 
social obligation to fulfill. It is true that the university has al- 
ways felt this obligation by ever broadening its dissemination of 
knowledge to a growing student body. Now, however, it has the 
impetus to broaden itself even more. 

But how can the university better meet its responsibilities to 
industry and country if more is demanded of it? Surely the num- 
ber of departments and branches in the engineering school has 
reached its saturation point. It is suggested here that this can be 
done not by adding more departments and branches but by offer- 
ing training at a greater number of levels to individuals of vari- 
ous levels of intelligence and capabilities. The word ‘‘level’’ here 
is meant to be synonymous with the word ‘‘grade.”’ 

Industry has found that it can use trained personnel of many 
grades. For example, it has a place for the college graduate as 
well as for the graduate with advanced degrees, and it also has a 
place for the high school graduate. But in addition to these, it 


* Presented at the fiftieth annual meeting, 8. P. E. E. (Mechanics), New 
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also has a great many places for personnel who should be trained 
between high school grade and college grade. Unfortunately, not 
enough men of such grade are available because not enough of 
such in-between training is available. To be sure, technical in- 
stitutes and advanced vocational and technical high schools are 
providing training of this grade, but it appaers that this field of 
training is so broad as to make it necessary to call the university 
into it. 

The ESMWT has to some measure provided the necessary fill- 
ing for this gap by training the in-between type of engineering 
student. For example, in the ESMWT courses offered to the air- 
eraft industries of Buffalo, Cornell University has been providing 
courses in aircraft structures which are of the three distinct levels 
indicated by ‘‘elementary, intermediate and advanced.’’ The dif- 
ference in the level of each course seems to be clearly defined by 
the theoretical and mathematical background that the student 
taking these courses is capable of absorbing. The ‘‘elementary’’ 
student, for example, is prepared to learn about aerodynamics and 
aircraft structures so long as the mathematics involved is no more 
difficult than algebra and trigonometry. The ‘‘intermediate’’ 
student is capable of understanding these same subjects with a 
background of higher mathematics such as the calculus so long as 
it is used in derivations but not in the so-called practical execution 
of problems of analysis and design. The third level of student, 
the ‘‘advanced’’ student, is of graduate caliber and is able to 
master the use of higher mathematics and apply it to such theories 
as elasticity and fluid mechanics. 

The last named type of student trained in higher mathematics 
and in classical engineering is a type that the university looks 
upon as ideal; this is the type it wishes to turn out, but unfortu- 
nately, there is a limited number of this type. The great major- 
ity of students graduated are of the ‘‘intermediate’’ type. This is 
not meant to be a criticism since both of these types are necessary 
to industry, and the university is performing its function well in 
training such types. 

However, the ‘‘elementary’’ student may be the one that we 
have neglected. He is the type of student that finds mathematics 
particularly difficult ; he is the type that flunks calculus; he is the 
type that busts out of college at the end of the second year because 
he has reached the terminal point in his level of academic study. 
Yet this type of student can be well utilized in industry for lesser 
engineering jobs providing that he had a training of a so-called 
practical nature. This is the type of student that could be di- 
rected to undertake more than the usual amount of drafting, more 
than the usual amount of machine shop work, to take courses in 
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gauging and tooling, standard structural and routine chemical and 
metallurgical testing. 

Just how the university can solve the ‘‘elementary’’ student’s 
problem is not offered here, because it is not an easy problem to 
solve, but an effort is here made to emphasize the importance of 
this student’s problem. Engineering educators have been con- 
sidering this problem for some time so that it cannot be said to 
be a new one. It is here revived only because it has become of 
great importance in the industrial effort for the sake of the people 
of the United States. 

Since the university is offering training to the ‘‘elementary”’ 
student through the channels of the ESMWT, I should like to tell 
of the training which Cornell University has been offering to this 
type of student for the benefit of the aircraft industries of Buffalo, 
N. Y. Of all of the courses offered in the Cornell brochure, the 
courses commanding the largest interest and the largest enroll- 
ment were the elementary ones. A great wave of students already 
employed in the aircraft plants, namely, Bell Aircraft Corporation 
and Curtiss-Wright Corporation, came to the courses to obtain a 
start in engineering. Most of these men had had only a high 
school training carrying them through algebra and trigonometry 
and high school chemistry and physics. Lesser jobs in engineer- 
ing were to be had by these men if they could only secure a be- 
ginning education in engineering to fit them for the jobs. 

Since the aircraft work done in Buffalo is that of manufactur- 
ing the structural parts of an airplane, it was necessary that Cor- 
nell offer courses to this elementary group in the understanding 
of forces and of materials in general as well as in the understanding 
of particular forces and particular materials of which aircraft 
structures are made. 

Altogether four courses were taught these men, one a formal 
course in mechanics and strength of materials and three in ele- 
mentary aircraft structures. The first course in formal mechan- 
ies, lasting thirty weeks, was presented with as many aircraft 
applications as it was possible to give. For example, in discussing 
the mechanical properties of materials, aircraft materials such as 
aluminum alloys and chromemolybdenum steels were emphasized, 
and such materials as concrete and stone were only briefly touched 
upon. The concept of safety factor and of margin of safety from 
the aircraft viewpoint were given. Column formulas as given by 
the government aircraft specifications manual ANC-5 were in- 
cluded. Riveted joints were studied using the small size alumi- 
num alloy rivets ranging from a sixteenth of an inch to a quarter 
of an inch in diameter. Special emphasis was placed upon the 
fundamentals of longitudinal shear analysis which are so important 
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in aircraft stress analysis. An outstanding difference from the 
usual collegiate courses in mechanics was the fact that the course 
was presented as a combined one covering both mechanics and 
strength of materials as a mixture. For example, the simple 
stresses of tension, compression and shear were discussed at the 
outset together with the mechanical properties of materials. Next 
came a study of force systems and equilibrium. Then finally the 
theories of beams, columns and torsion were discussed. 

The course was entirely devoid of the calculus so that geo- 
metrical and arithmetical proofs were substituted wherever pos- 
sible. The beam stress formula, the torsional shear stress formula 
for circular sections and the area-moment method for beam de- 
flections were derived in this manner. In two instances, how- 
ever, the calculus is indispensible. The derivation of the specific 
formulas for the moment of inertia of given geometrical cross 
sections was not possible without the ealeulus although it could 
be shown that bh*/12 held as the moment of inertia of a rectangu- 
lar cross section by dividing the rectangular into small parts and 
summing up the second moments of all of the parts. Also in the 
derivation of Euler’s long column formula the caleulus was nec- 
essary, but since the students in the course were not prepared to 
digest such a derivation, the expressions for critical load of long 
columns were given point blank without derivation. 

With the ground work laid in mechanics and strength of ma- 
terials, the students were now ready for courses in elementary air- 
eraft stress analysis. But what were we to offer them about air- 
craft structures? First, an introductory study had to be made of 
the loads which are peculiar to an aircraft. This meant that a 
study of aerodynamics was necessary since such loads were born 
of the dynamic qualities of the air. 

Second, it was necessary to differentiate between the two main 
types of aircraft structures—those whose members were made of 
trusses and those which were made of thin shelled beams techni- 
cally known as monocoque or stressed-skin structures. The first 
of these types is exemplified in early models of aircraft while the 
second of these is found in the newer all metal planes. Quite nat- 
urally, the students were interested in the latest types since such 
planes were in their hands at all times. 

By coincidence the study of these two types of craft fall into 
the two divisions of structural mechanics. The trussed type em- 
ploys primarily the principles of mechanics and the beam type of 
craft utilizes the tools of elasticity or strength of materials. With 
these natural divisions as a guide, we began our elementary air- 
craft structures course with the first type bearing the thought in 
mind of following it with the monocoque type. However, the ac- 
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tual beginning had to be made with a brief study of aerodynamics. 
But this study could not be of the formal kind since there was 
neither time nor necessity for studying it that way. Fortunately, 
the limited amount of aerodynamics that we were able to study 
yielded splendid problems in the use of mechanies. 

For example, the aircraft in its entirety could be studied as a 
free body in which the four principal forces could be represented 
as resultant forces of weight, lift, drag and thrust. These same 
resultants were then to be studied as distributed forees which 
necessitated enough aerodynamics to indicate how they were dis- 
tributed. Once this was accomplished it was possible to show in 
what manner the loads developed the stresses in the members of 
the four main parts of the aircraft structure, namely, the wing, the 
fuselage, the landing gear and the tail assembly. 

Problems were then presented with the purpose in mind of il- 
lustrating the general stress distribution in each of these parts of 
an airplane. For example, a problem was given in the stress 
analysis of a wooden spar wing of a semicantilever monoplane in 
which the student was required to determine the bending and 
direct stresses in the spars; the direct stresses in the wing struts 
and in the drag struts and in the drag wires; and the shear stresses 
in the main connecting bolts. Another problem was that of de- 
termining the stresses in the members of a biplane truss; this was 
a particularly good problem since it embodied forces in space. 

A landing gear problem in which the members were made of 
tubular sections was included in the course as another application 
of mechanics. So was also the problem in the analysis of a fuse- 
lage truss subjected to six loading conditions in flight and on the 
ground; the problem was extended to include the design of the 
members as chromemolybdenum tubes in which they were selected 
from column curves peculiar to the aircraft industry. 

These problems were lengthy ones requiring aS many as six 
and seven class periods in their execution. This provided an ex- 
cellent opportunity to teach the men orderly organization of their 
work in neat report form. Neatness, good sketches, tables and 
organization of computations were emphasized. Graphical solu- 
tions of trusses were employed wherever possible, a useful method 
because of the lack of symmetry in such structures. 

When it came time to study the second type of craft, it was 
found that the analysis of the all metal stressed-skin aircraft had 
to be taught differently since so much of the basic theory of 
strength of materials had to be reviewed and supplemented with 
extended theories. For example, such flexural problems as un- 
symmetrical bending had to be impressed on the minds of the stu- 
dents. In turn, the fundamentals of principal axes had to be stud- 
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ied. The formulas of bending shear also had to be rigidly reviewed 
since they were so vital to the understanding of stress distribution 
in thin-walled beams. This same study led to the concept of 
shear center or center of twist. In turn this led to shear distri- 
bution in thin-walled members in torsion. Difficulties arose since 
the students had studied shear stresses in the twisting of circular 
bars only; new theories had to be divulged to show the shear dis- 
tribution in the twisting of open sections and of oddly shaped 
tubular sections. Unfortunately, the mathematics of the mem- 
brane analogy is difficult so that formulas were given point blank. 

Once the concepts of unsymmetrical bending, bending and tor- 
sional shear were reviewed, they could be applied to cellular wing 
and fuselage sections. However, the applications were to un- 
usually simple beam cross sections, and a warning had to be issued 
that the problems of everyday aircraft practice were ever so much 
more difficult. 

At the completion of this course in monocoque structures it 
was decided that the courses in elementary aircraft structures 
should terminate because the problems about aircraft structures 
that could now be considered were no longer of an elementary 
nature. A further study of mathematics and a return to the 
fundamentals of advanced mechanics was necessary to continue. 

One great danger faced the instructing staff in handling this 
group of men; it was that a man might get the idea that he was a 
finished engineer once he had completed his first course in mechan- 
ies and strength of materials. To combat this idea the men had to 
be impressed constantly that they had started something that would 
take a life time of study to complete if at all and that the train- 
ing that we were offering them was the merest drop in the edu- 
cational bucket. Now that a year and a half have passed, it can 
be safely said that this danger has never manifested itself. The 
reason for this may be largely in the fact that the student was 
told that some of the proofs of fundamental theorems were to be 
reserved for the future at such time as he had equipped himself 
with the proper mathematics. In this way the student realized 
his limitations and consequently was not able to adopt the wise- 
acre attitude. 

It is interesting to note, however, that many of these ‘‘elemen- 
tary’’ students took enough interest in mathematics to enroll in 
regular tuition courses in analytical geometry and the calculus 
offered by the University of Buffalo, and as a result they will be 
allowed to enter our regular collegiate ‘‘intermediate’’ courses in 
stress analysis. 

It is also notable that the aircraft companies employing these 
men have made transfers, promotions and salary increases as a 
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result of the training the men received from these elementary 
courses. A number of the men employed as detail draftsmen or 
liaisson draftsmen have been transfered to the stress group. Other 
individuals employed in the machine shop or assembly shop were 
asked to come into the engineering department to do liaisson draft- 
ing or to work with the production planning group. Some shop 
men were transferred to the mold loft or to better jobs in the shop. 
Many of them remained at their regular jobs receiving promotions 
and salary’ increases. 

In telling the story of our elementary courses in aircraft 
structures, it is meant here to indicate what can be done with the 
student whose mathematical training is limited to algebra and 
trigonometry. This student is capable of absorbing a large 
amount of practical applications which are not final in the aca- 
demic sense but which are useful in some place in industry. 
Courses to train such a student may be a channel through which 
the university can better meet its obligation to industry and 
country. 

In conclusion it is suggested here that the trend in educational 
policy should be to establish one set standard in the tone of its 
curriculum but to institute as well a graded set of levels of termi- 
nal training. Industry and country need men of varied degrees 
of training ranging from the most elementary to the most advanced, 
and it is the obligation of the university to train as many of these 
as possible. This means that we cannot neglect classical engi- 
neering because it has a vital place to fulfill; the aircraft industry, 
for example, is solving many of its most important theoretical 
problems in this level of study. At the same time we cannot 
neglect the empirical engineering because of its important practical 
function. This means also that students must be carefully pre- 
selected for the level of study to which they are best suited, the 
best students to study classical engineering and the others to study 
less academic engineering. This means that no student should be 
rejected from a university because he fails to achieve a given 
level; he should be directed into a curriculum at his own level. 
This may mean that if the student cannot come to the university, 
it should go to him through extension mediums. 
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THE EDUCATIONAL PROBLEM OF UNITS* 


By ROBERT E. DOHERTY 


President, Carnegie Institute of Technology 


My plea is not for a particular system of units; rather it is for 
an adequate educational treatment of the subject of units. For 
as I understand it—or perhaps I should say, as I would have it—the 
educational problem now before the Committee on Physies of this 
Society is primarily one of building clear concepts and not merely 
one of memorizing names, numbers, and formulas. And I shall 
discuss the matter from this point of view. 

In the first place, I wish to consider with you the relative values 
to the student’s ultimate professional competence of these two dif- 
ferent educational policies. In the one case the theory is that the 
student’s intellectual efforts should be focused upon fundamental 
principles and the achievement of an elementary competence in 
their application to simple, physical situations; that the knowledge 
he is required to master be that, and only that, which is required 
for the clear understanding of those principles and for the achieve- 
ment of that elementary competence in their application; and that 
in determining the extent of ground to be thus covered, the test and 
the guide should be sound understanding of what has been covered. 
The theory in the other case, at least a theory that fits the tradi- 
tional facts, is that the student’s work in physies should cover all 
grounds of fundamental knowledge that might relate to his subse- 
quent work in engineering courses, his reading of scientific litera- 
ture, and his later professional life. In the first theory, under- 
standing takes precedence over ground covered; in the second, 
ground to be covered takes precedence over understanding. 

Which of these theories, as applied to the problem of units, is 
likely to contribute more to the student’s ultimate competence? I 
can think of no other educational front where such devastating con- 
fusion exists; nor yet one where understanding is more essential. 
Perhaps I should use the past tense, for I have neither taught any 
classes nor directly administered the work of young engineers for 
six or eight years. But assuming that no educational revolution 
has occurred during that interim, I may be justified in stating that 


* Presented at the 50th annual meeting, S. P. E. E. (Physics), New York 
g; . ’ 
City, June 27-29, 1942. 
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conclusion. For many years I was intimately associated in tech- 
nical work and education with large numbers of engineering gradu- 
ates—mostly electrical and mechanical—from practically every 
engineering college in the country, and then for five years in addi- 
tion with undergraduates in the classroom. This experience led me 
to my conviction in this matter, and I have stated it for what it may 
be worth in answering which theory is better. If the second the- 
ory—the cover-the-ground theory—represents the traditional pol- 
icy, as I assume it does since it represents the practice, then the 
facts of my experience leave no doubt in my mind that this policy 
has demonstrated its ineffectiveness. Moreover, if ultimate profes- 
sional competence rests upon clear understanding and clear think- 
ing, as I assume it does, then again it would seem even less neces- 
sary to adduce such facts as I have observed in order to indicate 
that the cover-the-ground theory is ineffective. Procedures based 
on this theory, whether in physics or any other subject, lead to an 
habitual state of mind which I have called ‘‘complacency in confu- 
sion.’’ By continued repetition of the process of covering assign- 
ments that are not understood, but are yet passed by the student 
so far as the instructor is concerned by temporarily memorizing 
words, formulas, and procedures, the student ultimately finds con- 
fusion to be a normal state of mind. I need not labor the point 
further. Clear understanding and an elementary competence in 
the application of the fundamental! principles in units, as in any- 
thing else, is, I am sure you will agree, absolutely essential in the 
building of professional competence. And if so, it follows that that 
educational policy should be whole-heartedly pursued which will 
assure the achievement of such understanding and such competence. 

So I start from this premise and have a few specific observations 
to make. 

First, the severe limitations of time and the very nature of the 
learning process impose the following requirements: restriction of 
area to be covered, simplicity of approach, and the attaching of 
new growth of understanding to the roots of the student’s personal 
experience. 

These requirements indicate to me that the student in ele- 
mentary physics should be expected to study one system only. Did 
you ever stop to calculate the amount of time in the physies pro- 
gram that can be devoted to units? If not, do so, and you will find 
a convincing reason for the one-system-only proposal; provided of 
course that you accept the premise here adopted. For to achieve 
the objectives indicated—understanding and elementary compe- 
tence—there is more to do than learn names of units and some 
numbers that go with them; there are to be considered as well the 
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theory of units and dimensions, an understandable demonstration 
of their significance in the laboratory, and their elementary use 
throughout the course. It is probably too much to expect that 
sophomores will be equal to all of this in the time available, even 
for one system of units, let alone two, three, or four. But, it may 
be contended, he will think there is only one system, or that other 
systems are not as good. The simple answer to this is that in the 
proposed plan, he is to learn—he must learn—to use other systems 
and mixtures of systems in later courses and in practice. He can 
and should be told that there are these numerous other systems and 
that he will later have to learn how to use many of them, and mix- 
tures of them, but that if he fully understands the theory of the 
one, he can easily understand the others; and he can be truthfully 
told too that if he does not understand the one, he won’t understand 
any of the others. So I urge the study of only one system in ele- 
mentary physics. 
If one system were to be studied, what should that system be? 
I think this question is of much less importance than the ones al- 
ready discussed, but certainly we have established at least some 
eriteria for the selection. It should combine simplicity together 
with the possibility of the student’s tapping to the greatest possible 
extent his directly perceived experience when trying to grasp the 
new concepts. Also it should encompass electrical quantities, since 
the student must study electricity in physics. His understanding 
is not facilitated by a system of units for which the examples are 
embellished unnecessarily by numerical factors such as 10°, nor by 
one in which the unit of mass bears the same name as the unit of 
force in another system the student has heard about, nor yet by one 
in which the unit of force requires the student to become either a 
fly or a derrick in order to experience it directly. If these consid- 
erations point to any particular system more than to others it would 
seem to be the MKS system, in which the magnitudes of the quanti- 
ties represented by these fundamental units are readily perceivable 
and conversion factors are reduced to a minimum. There may be 
some confusion between kilogram mass and kilogram weight, but at 
least the newton is not the magnitude of a force that equals the 
weight of any unit mass. And moreover the MKS system is beauti- 
fully adapted to electricity as studied in physics, or elsewhere; 
factors of 10" are not required at the conclusion of a problem to 
convert the results to joules, watts, or amperes. 

Then there is one more observation I would make. Understand- 
ing of other systems and competence in their use should be devel- 
oped in later courses as a continuation in the student’s mind from 
the concepts established in physics. This suggestion has extremely 
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important practical implications. It means a new plan of coordina- 
tion of work in physies with that in departments of mechanics and 
engineering, for I take it that we should not be far wrong to assume 
that effective plans to this end in engineering schools today are few 
and far between. Yet it always seemed incredible to me that the 
plan of progress in engineering studies is set according to the per- 
sonal notions and understanding of individual instructors instead 
of according to the understanding and continuous growth of under- 
standing of the student, for whom after all the entire plan is in- 
tended. The later courses in engineering and mechanics should 
start with the concepts established in physics—including those of 
units—and help the student build as a continuous process upon 
those concepts; and it is important also to state the converse, 
namely, that discontinuities in intellectual growth should be 
avoided, and certainly also the confusion of terminology and ideas 
as between physics and later courses that today so greatly plague 
the student. For the result of this is negative; it has to be later 
undone, or else the student left in enduring confusion. 

I am inclined reluctantly to make one provisional concession. 
I am quite aware of the argument that it is desirable to introduce 
at least two systems. Surely, as the argument runs, one should 
learn to deal with units related to the metric system, since they 
extend to the field of electricity, and yet it is not less important to 
learn the English practical system as well, both because the student 
is familiar with the terms and he will use them in mechanics. But 
the difficulty is that he would have to learn two systems instead of 
one in the limited time, and the advantage of starting with familiar 
terms—e.g., pounds, feet—is partially offset by the inherent con- 
fusion as between pound mass and pound weight. But I grant 
that unless the course in mechanies starts at the point where physics 
leaves off in the matter of units as well as in other concepts, con- 
tinuity is broken. Hence, if it is a practical fact that mechanics 
teachers have not yet reached a point where they feel prepared to 
help the student build his understanding continuously, starting 
from units based on the metric system and leading into the English 
system, and if there are equally compelling practical reasons, as I 
know there are, why physics teachers would not accept the English 
engineering system as the only system to be studied, then I would 
grudgingly concede the point provisionally and hope for a better 
day in the future. For a reduction of the number of systems to 
two in the near future would be a real step in the indicated 
direction. 

Thus my plea is that it be the business of physics in connection 
with units, as with its other matters, to establish clear concepts and 
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an elementary competence in their use; that understanding take 
precedence over ground to be covered; that wherever it may be at 
present practically feasible, only one system of units be covered in 
physics, slight preference being for the MKS system, and that the 
principle of continuous growth in understanding be adopted re- 
quiring that progress in subsequent courses in mechanies and engi- 
neering stem continuously from the basic trunk established in 
physics. 


COLLEGE NOTES 


The fifth regional center of the Human Engineering Labora- 
tory, offering non-profit services to residents of Ohio, Western 
Pennsylvania, lower Michigan, Indiana and states to the south, 
has been established at CASE SCHOOL OF APPLIED SCIENCE. 
The Human Engineering Laboratory is a clinical organization for 
the measurement of individual aptitudes and for career guidance 
on the professional and executive level. Founded by Dr. Johnson 
O’Connor, at Stevens Institute of Technology in 1922, the first 
center attained immediate success, resulting in the establishment 
of a second center at the Massachusetts Institute of Technology in 
Boston, a third at the Illinois Institute of Technology in Chicago, 
and a fourth at Chestnut Hill Academy near Philadelphia. 

The Laboratory offers testing service to all persons nine years 
of age or older. Tests cover personality traits, structural visualiza- 
tion, accounting aptitude, tonal memory, creative imagination, 
English vocabulary, inductive reasoning and other critical factors 
in choosing scientific, professional and executive careers. 

















RECOMMENDATIONS TO THE WAR MANPOWER 
COMMISSION * 


January 6, 1943 

It is the opinion of the Consultative Committee on Engineering 
that the action announced by the War Manpower Commission on 
December 18, 1942, with respect to the deferment of engineering 
students, although solving certain important parts of the general 
problem of professional engineering manpower, falls short of what 
the immediate situation demands, and it is urged that the action 
be promptly reconsidered. 

The action defers only such students as have successfully com- 
pleted one year of college work. This Committee is convinced that, 
until reliable facts, now missing, are available and a rational plan 
based thereon is formulated by the War Manpower Commission 
for assuring the minimum supply of engineering personnel at pro- 


fessional level that is essential to national safety, the freshmen — 


also should be deferred. 

There are no obscure assumptions involved in this view. In 
such an important matter as maintaining technical superiority in 
the war, decisions and plans should be based on facts—not on of- 
ficial guesses, especially when this is unnecessary. The essential 
facts, not yet available as to actual needs of professional engineer- 
ing personnel by industry in the tremendous war production pro- 
eram ahead, can be made available in a reasonable time, if the 
Committee’s recommendation of December 8, 1942, is followed. 
Meantime the basic elements of the educational machinery that may 
be—and probably will be—found necessary in the face of facts, 
should not be demolished. It will take too long to rebuild it, if it 
is found to be necessary. If the teaching staff for freshmen is dis- 
persed and the flow of students for industry is cut off, and then 
later both are found by the proposed survey to be required, an 
extra and unnecessary burden of delay and confusion will be im- 
posed on the war effort. 

(Presumably the armed forces have as much at stake as industry 
in an adequate supply of men well grounded and fully trained in 
fundamentals of science and engineering. The announced cur- 
ricula of the Navy College Plan would seem to recognize this point. 


* Recommendations to Dr. Edward C. Elliott, Division of Professional and 
Technical Training, War Manpower Commission, by the Consultative Commit- 
tee on Engineering of the Division. 
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The curricula of the Army Specialist Training Corps are not yet 
announced. But these programs, we must assume, will assure a 
flow of students adequate in number and appropriately trained for 
each of the several branches of the armed services. ) 

There may be good reasons, unknown to the Committee, why 
the W.M.C. did not accept its recommendation of this temporary 
expedient, but until the engineering profession, as represented in 
the Committee, understands such reasons it must press for recog- 
nition of its view. As a profession, engineers responsible for in- 
dustrial production and technical superiority profess and claim 
responsibility in these matters, and claim as well a voice in plans 
in which they are expected to meet that responsibility. 

The Committee does not accept as a valid reason for rejection of 
this plan of a temporary expedient the fact that a fraction of the 
freshman class in engineering (those not in the Enlisted Reserves) 
would be withheld from military training for three months or so. 
This number alongside the totals involved in this age group would 
seem insignificant, especially when it may be found that the frac- 
tion referred to is needed more for the war effort in industry than 
in the armed forees. Whether this is so or not can be determined 
by an intelligent survey in a reasonable time; it cannot be guessed. 

The Committee therefore urges again that all engineering stu- 
dents subject to Selective Service and who are in good scholastic 
standing be deferred until the survey of facts is completed and a 
rational plan based thereon for training and distribution of pro- 
fessional engineering manpower is formulated by the War Man- 


power Commission. 
R. E. Donerty, Chairman 














WANTED: A PLAN FOR INDUSTRIAL TRAINING 


By H. T. HEALD 
President of the Society 


It is now thoroughly recognized that the engineering colleges 
have two immediate and continuing responsibilities. The first of 
these is to furnish an adequate supply of men with technological 
training to the armed forces. The second, and equally important 
responsibility, is to maintain a continuous flow of trained personnel 
for war industry. Combined military and civilian requirements 
greatly exceed the capacity of the country’s engineering schools. 
It is, therefore, of the utmost importance that the available per- 
sonnel and the available training facilities be used to the highest 
degree of efficiency. 

The new Army specialized training program and the Navy col- 
lege training program are designed to meet the needs of the armed 
forces. Carefully prescribed curricula in the various engineering 
fields will produce officers and specialists with sufficient competence 
to perform military assignments. The engineering colleges are now 
actively engaged in preparing to make these programs operate with 
the maximum degree of effectiveness. Even though this work will 
involve many changes and adjustments of normal procedure, there 
is no question but that the engineering teachers of the country will 
be able to make an outstanding contribution to the war effort 
through these training programs. 

The problem of how to maintain a continuous flow of trained 
manpower for war industry and essential civilian services has not 
yet been solved. ESMWT courses are making an important con- 
tribution through supplementary short term training, but this-does 
not and cannot fulfill the need for fully trained graduate engineers. 

Selective Service procedures now in operation permit the defer- 
ment of engineering students who have completed one year’s college 
work. If present regulations are continued, some of the sopho- 
mores, juniors, and seniors not already committed to the armed 
forces, will be permitted to complete their courses in a civilian status. 
In the last few months, the Society for the Promotion of Engineering 
Education and most of the other national engineering societies have 
recommended the extension of deferment procedures to include engi- 
neering freshmen. This problem has been under consideration by 
the War Manpower Commission for many weeks, but no action has 
been taken in spite of the fact that all available evidence clearly 
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points to a continuing need for engineering graduates, which is 
several times the entire output of the engineering colleges. The 
effect of this delay is to cut off the supply at the bottom. If it is 
continued, engineering graduates available for war industry after 
1944 will be limited to the small number who are physically unfit. 

It is obvious that this small number will not keep the wheels of 
industry or civilian needs running. Some plan is immediately 
needed to maintain a continuous flow of essential engineering per- 
sonnel. To delay in meeting this need is to court disaster, if the war 
is to continue beyond 1944. 

There appear to be two possible plans for meeting these require- 
ments. One is to enroll all able bodied men students in the military 
training programs, and assign back to civilian tasks those who may 
be needed in war industry. This appears to be an expensive and 
inefficient procedure. The needs of the military services themselves 
are so great that there is little likelihood of their releasing any con- 
siderable number of men who have been trained for military tasks. 
Furthermore, the curricula designed to prepare for military service 
are quite different from the training required for civilian occupations. 

The second possibility, and the one which seems most prac- 
ticable, is the establishment of an industrial training corps paral- 
leling those of the Army and Navy. Such a corps could enroll 
young men not physically qualified for military service, women, and 
a sufficient number of the physically fit to meet the most essential 
needs. Some provision for financial assistance should be made in 
order that selection of students could be entirely on the basis of 
ability, but it seems unlikely that the entire cost of their education 
would need to be borne by the Government. 

Physically fit students enrolled in such a program should be very 
carefully selected, on a quota basis, and could be provided temporary 
deferment under Selective Service. If, at any time, military re- 
quirements became more important than the needs of war industry, 
these men could be transferred to military service. 

The general acceptance of such a plan by the public and by the 
students themselves would depend entirely upon the public under- 
standing of the problem. Total war means just that. If total war 
is to be carried on, there are some types of service outside the armed 
services which are more important than being in the military 
branches. The American public can be made to realize this if it 
has the facts. 

Immediate action is needed. The first step is the extension of 
temporary deferment to present engineering freshmen. This should 
be followed by the adoption of an adequate plan for industrial 
training. Until some such procedure is devised and placed in 
operation, we shall be gambling with the future of our country. 











THE ENGINEERING COLLEGES’ CONTRIBUTION 
TO ESMWT 


By GEORGE W. CASE * 


It is often remarked that those who are actively engaged in the 
operation of an extensive program, fail to appreciate the true mag- 
nitude of their contribution—that those deep among the trees do 
not envision the size of the forest. With this in mind, it seems 
appropriate to undertake an appraisal of the part which engineering 
colleges are playing in ESMWT. 

Readers of the JouRNAL are aware that more than 897,000 men 
and women have been enrolled for EDT, ESMDT, and ESMWT 
courses since the start of the first program in 1940. Not all who 
are active in the current program may realize, however, that over 
726,000, or 81 per cent, of these enrollments have been in engineering 
courses, and that by far the greatest training responsibility has been 
carried by engineering institutions. The continuation of that load 
is attested, moreover, by current enrollment statistics which show 
about three-quarters of active enrollments to be in engineering. 
Since active ESMWT enrollments have run at approximately 150 
thousand, in recent months, active engineering enrollments can be 
estimated at between 110 and 115 thousand. 

Perhaps the most significant appreciation of the contribution of 
the engineering colleges in this program may be obtained through a 
comparison of the instructional and supervisory load which they are 
carrying in ESMWT with that normally incident to the conduct of 
regular engineering curricula from which all accredited institutions 
graduate between 12 and 15 thousand engineers annually. Even 
though the average number of weekly contact hours per trainee in 
ESMWT is but 8, as contrasted with approximately 25 for students 
in regular engineering curricula, the instructional load compares 
with that of a full-time enrollment of 38,000 regular engineering 
students—a very large program indeed. 

These figures do not tell the whole story, however, for the 
engineering colleges in the program have, simultaneously, done a 
magnificent job of pioneering in the development of new courses, 
suited to the potentialities of available trainees and to the specific 
personnel needs of wartime industries. This pioneering is the more 


* Dean of the College of Technology, University of New Hampshire, absent 
on leave to serve as Director of Engineering, Science, and Management War 
Training in the United States Office of Education. 
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noteworthy because it has occasioned no diminution in the volume or 
decline in the quality of instruction offered to regular students of 
the participating institutions. The job has called for constant 
alertness, frequent revision of plans, and the closest possible rela- 
tions with the management of war industries. It is noticeable 
that the greatest success in training, as measured by sustained 
student interest and by the placement and promotion of trainees, is 
intimately related to the extent of the codperation between the col- 
leges and the companies served. Representatives of both large and 
small war-production establishments have praised the program and 
the institutions repeatedly, expressing the conviction that they 
could not hope to duplicate elsewhere the training offered, and 
urging that it be continued and expanded. 

With increasing engineering enrollments and faculties continu- 
ally raided to fill all manner of technical and administrative posts in 
the prosecution of the war, the problem of finding, training, and 
supervising instructors for ESMWT courses has become increasingly 
difficult. Men from industry have brought a wealth of practical 
experience to bear on the planning of course content, but extensive 
coaching, instruction, and supervision have been required in many 
instances to prepare these men to handle classes on the college level 
and to insure that acceptable standards of instruction were main- 
tained. The heavily-burdened faculties deserve great credit for the 
will and efficiency with which they have undertaken this additional 
task of training and supervision. 

The growing need for the training of women in engineering tech- 
niques to supplement the dwindling supply of male technicians and 
to fill the staffs of expanding industries has further taxed the re- 
sourcefulness of our engineering colleges. The problem of inducing 
qualified women to undertake the training has been particularly 
difficult, possibly because women for years have been advised against 
enrolling in engineering courses. Nevertheless, many institutions, 
through effective publicity, have had marked success in the recruit- 
ment of women for ESMWT courses. Much exploration has been 
necessary to find means of determining the aptitudes of women with 
non-technical backgrounds for engineering work, and in the develop- 
ment of courses especially adapted to convert their talents for war 
production. It is significant that female registrations, during the 
three programs, have risen from 1 in 55 enrollments received to 
1 in 4. 

It is only after considering the time and energy that the staffs 
of institutions codperating in ESMWT have expended in planning, 
organizing, and administering large institutional programs that one 
can truly comprehend the extent of their contribution. 
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In partial compensation, it is hoped that the faculties of insti- 
tutions now conducting training in the program will find their 
experience and new contacts valuable in post-war revisions of 
curricula and teaching methods which may be necessary to train 
students for careers in fields that are now demanding technicians to 
fill wartime jobs. At present, however, we must continue to find 
men and women who have the necessary schooling and practical 
experience to meet the prerequisites of short courses that prepare 
for immediate service. ESMWT was established to accomplish this 
purpose and the evidence is clear that those participating in the 
program are equal to the task at hand. 








ILLINOIS INSTITUTE OF TECHNOLOGY 


By PAUL O. RIDINGS 


Director of News Bureau 


Illinois Institute of Technology was created in 1940 by the 
consolidation of Armour Institute of Technology and Lewis Insti- 
tute, two old Chicago engineering schools each with a record of 
nearly 50 years of service. To perpetuate the names of these 
schools, the Institute now is organized into the Armour College of 
Engineering and the Lewis Institute of Arts and Sciences, as well 
as the Graduate School and the Evening Division. 

The Institute makes use of both Armour and Lewis campuses, 
the former now being the south side campus of Illinois Tech, the 
latter the west side campus. War-time technical training demands, 
however, are such that these two campuses will not accommodate all 
the personnel at the Institute, and classes are now being held in 
eight different locations in Chicago. 

Illinois Tech is dedicated to the service of the public and it ac- 
cepts as a major contribution in this direction the stimulation of 
midwestern business and industry. Its inception was prompted 
by a desire to serve these public interests and to create for mid- 
western business and industry an important center for techno- 
logical training and research. And, like every other engineering 
college, the Institute is now devoting its energies to helping to win 
the war. 

Evidence of this is the more than 10,000 persons in training at 
Illinois Tech. The college enrollment numbers 4,555, the re- 
mainder of this number being trainees in various war programs. 

The Institute has a degree-granting curriculum in seven fields 
on the south campus and in six fields on the west campus. In the 
former, degrees are offered in architecture, chemical engineering, 
civil engineering, electrical engineering, fire protection engineer- 
ing, industrial engineering and mechanical engineering. 

On the west campus the degree of Bachelor of Science is of- 
fered in the following programs: Biology and pre-professional, in- 
dustrial and food biology, business and industrial management, 
chemistry, home economics, humanities and public service. 

One of Illinois Tech’s outstanding educational features is the 
codperative program wherein students alternate between working 
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in an industry representing their chosen field and attending school. 
Approximately 700 prospective engineers, chemists and manage- 
ment students were enrolled in this special program last year. The 
codperative program is offered in mechanical engineering, chem- 
istry, business administration and industrial management. 

The Graduate School at Illinois Tech offers a program leading 
to the degree of Master of Science and Doctor of Philosophy in 
engineering and in scientific fields. It has been granting advanced 





Dr. Rudolph W. Kanne, professor of physics at Illinois Institute of Tech- 
nology, makes an adjustment of the voltage distribution range of the 1,500,000 
volt atom smasher. In the foreground is shown the target end of the instru- 
ment and some of the pumping equipent to exhaust the accelerating tube. 


degrees in all major fields of engineering as well as chemistry, 
physics, mathematics, mechanics and metallurgy. A hundred day 
school graduate students and several hundred evening students are 
candidates for advanced degrees. 

The Fundamental Research program of the Institute is con- 
ducted under the sponsorship of the Graduate School. Graduate 
students are associated with this work in catalysis, heat transfer, 
spectroscopy, electronics, unit processes, mechanics, materials prop- 
erties and other theoretical and laboratory investigations. The 
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recent installation of the first electron microscope in the Chicago 
area has made available unusual facilities for much of this research. 
Special projects. have been sponsored by industry, by professional 





An aeronautical engineering students at Illinois Institute of Technology 
makes a precise adjustment on a radial airplane engine in the Illinois Tech 
automotive-aeronautics laboratory. 

In addition to the regular engineering students, the Institute has trained 
nearly a thousand aviation technicians in special war-training courses since 
the war opened. 


associations and by government agencies. Emphasis has been 
placed upon those projects that seem especially appropriate to the 
objectives of an institute of technology as distinguished from a 
college of liberal arts. 
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The Institute’s Evening program includes undergraduate work 
leading to a degree in any of the fields of study offered at the 
college. It is the policy of the Institute to give exactly the same 
courses day and evening taught by the same teachers, wherever 
possible, and thus to maintain identical standards in day and 
evening work. 

Aside from training regular personnel for the scientific and 
engineering professions and conducting fundamental and indus- 
trial research, Illinois Tech is making extra contributions in its 





Two engineering students at Illinois Institute of Technology are shown 
calibrating the rectangular weirs by the hook gage and weighing tanks in the 
hydraulic laboratory of the school. 


training of war technicians. More than 26,000 have been trained 
in Engineering, Science and Management War Training courses, 
nearly a thousand of these being women. The Institute offers war 
training at no cost to students, expenses being paid by the govern- 
ment under the auspices of the U. S. Office of Education. In addi- 
tion, Illinois Tech’s signal corps training program will develop 
several thousand men for that branch of the armed forces. 
Development plans at Illinois Institute of Technology call for 
the consolidation of all activities on one campus, the south campus, 
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in the future. The first of the several modern, functional build- 
ings, designed by Ludwig Mies Van der Rohe, which will constitute 
the new campus, was recently dedicated. The Metals and Minerals 
Research Building of the Research Foundation, a quarter of a 
million dollar building, is the first completed unit in the building 
program. 





Dr. James Thompson, chairman of the physics department of Illinois 
Institute of Technology, examines a slide while F. C. Breeden, graduate stu- 
dent, adjusts the controls on Illinois Tech’s new $12,000 electron microscope. 

Illinois Tech’s electron microscope, which is the thirty-fourth such instru- 
ment in the nation and the only one in the Chicago area, is from 50 to 100 times 
more powerful than the strongest optical microscope. : 
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Dr. Otto Zmeskal, assistant professor of metallurgy at Illinois Institute 
of Technology, is pictured examining steel for flaws on the 200 kilowatt X-ray 
tube in the X-ray laboratory of the nation’s largest engineering school. 

The laboratory, which is the only laboratory in the Midwest designed to 
train experts in radiographic inspection of metals and metallurgical welding 
and casting, was equipped at a cost of approximately $7000. 

In addition to the use of the X-ray laboratory made by the metallurgic 
department, the laboratory is also used in the Engineering, Science and Man- 
agement War Training program classes. A class of 25 men are in constant 
training in X-ray and radium testing in a special 10-weeks course, and women 
in the full-time ordnance inspection group of E.S.M.W.T. conclude their work 
in the laboratory. 
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An extensive program of industrial research is carried on by 
the Armour Research Foundation of Illinois Institute of Tech- 
nology. Much of this. work now consists of war projects. The 
Institute of Gas Technology, established in 1941 in codperation with 
major American gas companies and gas appliance manufacturers, 
carries on graduate education and research of value to the gas 
industry. 




















NORTHWESTERN TECHNOLOGICAL INSTITUTE 


By C. E. WATSON 


Assistant Professor of Industrial Relations 


The Technological Institute of Northwestern University was 
established in 1939 through a gift of $6,735,000 from the late Wal- 
ter P. Murphy, chairman of the Standard Railway Equipment 
Manufacturing Company of Chicago. 

The Institute has three main objectives: (1) to provide train- 
ing in engineering for a select group of young men; (2) to provide 
industry with skilled workers and executives; and (3) to provide 
facilities for research in engineering and science. 

The new buildings of the Institute, erected at a cost of $5,000,- 
000, was dedicated on June 15 and 16, 1942, with impressive cere- 
monies attended by 1,000 representatives of American Industrial 
firms, scientific groups, and educational institutions. 

The building consists of a central structure with six wings, 
and has a floor area aggregating about 10 acres. The central part 
is occupied by the main auditorium lecture rooms, library, student 
lounges, and main offices. The six wings house the departments 
of physics and chemistry of the University, and the departments 
of chemical, civil, mechanical, and electrical engineering of the 
Institute. 

The keystone of the Institute’s program is the codperative plan - 
whereby students alternate three months of study in the classroom 
with an equal period of work in industry. The Institute operates 
on a normal five-year curriculum. The student spends his first 
year on the campus in class-room study, thereafter alternating each 
quarter between the classroom and a job in industry. Half of the 
class thus remains in college while the other half is at work. The 
next quarter these groups are shifted. This alternating schedule 
continues until the spring quarter of the final year, when the entire 
class is brought back to the campus. 

Seventy-five large firms, located in twelve different states, are 
now codperating with the Institute. The industrial concerns afford 
the students opportunity for direct experience and in return these 
firms are provided with young men who have been carefully se- 
lected and taught. 

The war has furnished the Institute with an early opportunity 
to demonstrate the thesis of its founder that the greatest contribu- 
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tion he could make to the welfare of America would be the estab- 
lishment of a school for training engineers and carrying on re- 
search. Extending for 500 feet along the shores of Lake Michigan, 
the huge Lannon stone building is now employed not only as a 
training center for the technicians needed by the Army and the 
Navy, and in the equally important work of providing new experts 


- for the defense industries, but as the seat of a large amount of 


confidential government research intimately connected with the 
war. 





Heat Power Laboratory in the Department of Mechanical Engineering. 


The new building contains more than $1,000,000 worth of the 
most modern scientific equipment. ‘‘Bomb rooms’’ with twelve- 
ineh walls to guard against explosions from experimentation, an 
artificial river to test boat models, and vibrationless rooms are 
among the features. Opportunities for special types of investiga- 
tion are afforded by six cold rooms in one of which the temperature 
may be driven down to 75 degrees below zero. In addition, huge 
pieces of equipment are available to test materials, including a 
two-and-one-half story transverse-universal testing machine, which 
is capable of exerting a pressure of one million pounds at the 
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center of a fifty-five foot truss. A 1,500,000 volt ‘‘lightning’’ 
generator tops off the list of giant machines in the building. 

An example of the facilities which are available to students and 
to research workers is provided by the department of physics. 
This department has a special laboratory of explosion-proof con- 
struction in which it is possible to produce six gallons of liquid air 
and two-and-one-half gallons of liquid hydrogen an hour. Cold 
rooms, x-ray rooms, electrical laboratories, spectroscopic labora- 
tories and heat and pyrometry laboratories comprise some of the 





Large Lecture Room in the Technological Institute of Northwestern University. 


important facilities for teaching and research. One of the features 
of the department is a sound-proof room which is being used for 
theoretical research. The room which is inside another concrete 
room is mounted on rubber. It weighs 50 tons and its walls are 
covered with 18 layers of muslin which absorb 98 per cent of air- 
borne sound and mechanical vibrations from the outside. 

At the present time the Institute has an enrollment of approxi- 
mately 800 full-time students, who have been carefully selected 
on the basis of scholarship, engineering aptitude, and other quali- 
fications. Under the codperative plan, these students serve intern- 
ship periods in industry of three months each, alternating them 
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with equal periods of regular academic work on the campus. Be- 
sides gaining practical experience in this way, the students are also 
making important contributions to the defense industries by which 
they are employed. 

The Institute is codperating directly with the Army and Navy 
in a number of ways. Courses for the Army Signal Corps Officers’ 
Training School and the Naval Radio Operators’ School are given 
in the Institute and make use of Institute facilities. Approxi- 
mately 200 qualified men with engineering backgrounds are receiv- 





The Cement Laboratory in the Civil Engineering Department of 
Northwestern University. 


ing training in the Army Signal Corps School. Graduates of the 
course are commissioned as second lieutenants in the Signal Corp 
Reserves. 

The Naval Radio Operators’ School, which has an enrollment 
of approximately 1,000 sailors, carries on a four-month course to 
qualify men as naval radio specialists. Instruction is given by 
faculty members in the Technological Institute. 

In order to aid in the training of personnel for war industries 
many tuition-free courses, sponsored by the Office of Education, 
have been given by the Institute. These college level courses pro- 
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vide training in the fundamentals of industrial engineering. Ap- 
proximately 5,000 persons have already received training at the 
Institute in such fields as production processes, industrial organi- 
zation, industrial accounting, drawing and specifications, and su- 
pervisory techniques. 

The Institute has codperated with the civilian defense program 
by providing a special course of free classes for civilians and air 
raid wardens in which incendiary bomb techniques, gas protection, 
public health problems created by bombs, transportation during 
raids, and kindred problems were analyzed. All phases of bomb- 





The Technological Institute of Northwestern University, Evanston, Ill. 


ing raid protection were covered by Institute Instructors, who 
were in charge of the class, and by guest lecturers. 

Classes in connection with the Civil Aeronautics Administration 
are also provided by the Institute. The CAA program has to date 
given training to 735 flying students. At present 140 aviation 
cadets of the Navy are being given flying instruction and ground 
work under Dr. Everett Edmondson, director of aeronautics of the 
Institute. 

Had Mr. Murphy planned the Institute as a contribution to the 
war effort, it could not have been more timely. According to Ovid 
W. Eshbach, dean of the Institute, approximately 5,000 people are 
taking, in the laboratories and classrooms of the Institute, work 
that is directly or indirectly related to the war effort. Not only is 
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the Institute carrying on the programs listed above, but it is also 
engaged in a large number of projects involving confidential re- 
search for the government, utilizing the up-to-date equipment of 
the Institute for this purpose. Although the nature of these proj- 
ects cannot be divulged, it is certain that their successful comple- 
tion will be of great value in peace as well as war. 





*€1,000,000-Pounp TEsTING MACHINE’’ 

Crushing 18-inch thick concrete or gently cracking egg shells are equally 
easy for the two-and-a-half story, 1,000,000-pound testing machine in the new 
Technological Institute of Northwestern University, Evanston, Illinois. This 
piece of equipment, known as a transverse-universal testing machine, is used 
to study the structural performance of large beams, girders, and columns. It 
can apply a pressure of 1,000,000 pounds on girders or rigid frames up to 
55 feet in length. Here it is shown, ready to test the strength of a concrete 
column 6 feet high and 18 inches in diameter. 
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The financial future of the Institute is assured by a recently 
announced bequest in ‘‘excess of $20,000,000’’ from the estate of 
Walter P. Murphy, who died on December 16. His will specified 
that this sum should be used to develop, maintain, and operate the 
Institute. Although he expressed the desire that as much as pos- 
sible of the principal should be held intact and used for endowment 
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Entrance court of the $5,000,000 building of the new Technological Insti- 
tute of Northwestern University. More than 500 feet wide and 347 feet deep, 
it has a floor area of 423,000 square feet—which makes it one of the largest 
educational buildings in the world. The exterior is of Lannon stone, with 
Indian limestone trim. Modern Gothic architecture is used to conform with 
other new buildings on Northwestern’s Evanston campus. It consists of a 
four-story central structure with six wings, and has the appearance of two 
letter E’s placed back to back. It contains more than 350 rooms, used by 
the departments of physics, chemistry, and civil, mechanical, electrical, and 
chemical engineering. 


of the Institute, he at the same time empowered the trustees to 
spend portions of the principal, and all or any part of the annual 
income, for additional buildings, equipment, professorships, re- 
search, and other purposes. The Institute may also, as a part of 
its operations, give instruction in science to other than engineering 
students of the University. 














RECENT DEVELOPMENTS IN ARMY AND NAVY 
COLLEGE TRAINING PROGRAMS * 


By HENRY T. HEALD, President, 
Tilinois Institute of Technology; President of the Society 


I am glad to have an opportunity to discuss some of the recent 
developments in the utilization of the engineering colleges in the 
way. The officers and several committees of your Society have 
been almost continuously at work on these problems in the last few 
months. Plans are now sufficiently complete so that it is possible 
to predict, with at least a fair degree of accuracy, the general form 
which college education for war service is going to take. 

It is not my purpose in this discussion to give any compre- 
hensive coverage of all of the special activities of the engineering 
colleges in the war. You are already familiar with the important 
contributions which are being made by supplementary training 
programs under the auspices of the E.S.M.W.T. 

You are of course aware of the war research work in engineering 
and scientific fields going on in many institutions. You are also 
familiar with some of the training programs being conducted on 
a contract basis for various branches of the military services. I 
am going to discuss tle effect of the war on what we may call our 
normal full time programs in engineering education. 

In order to do this let us review briefly the various steps in 
governmental policy which have been taken during the last year. 

December 7, 1941, found the engineering schools already fairly 
well mobilized to make an effective contribution to the war. The 
Selective Service system was already in operation. Acceleration 
of courses had been widely discussed although not generally adopted. 
The demand for men with engineering training was extremely great 
and the E.S.M.W.T. program was almost a year old. 

The declaration of war naturally quickened the desire of all 
colleges to organize for even more effective participation. One 
thousand college presidents met in Baltimore on January 3d and 
4th, passed resolutions asking for more specific assignments, and 
then went home more confused than before. 

The lowering of the draft age from 21 to 20, coupled with the 
increased need for men trained in essential fields, produced rather 


* Presented at the meeting of the Middle Atlantic Section, 8. P. E. E., 
Cooper Union, December 5, 1942. 
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general adoption of accelerated programs in a variety of forms. 
Efforts were begun to secure financial assistance for students in 
accelerated courses of study and for the colleges operating them. 
These efforts were generally unsuccessful although they did result in 
a student loan fund which came too late to be of any help during 
the summer term. 

In the spring the Navy Department announced its new V1- 
V5-V7 reserve program. This was followed shortly afterward 
by the Army’s Enlisted Reserve Corps for college students. The 
joint Army and Navy Personnel Board was appointed and suc- 
ceeded in bringing some semblance of order out of the competitive 
recuriting programs in operation on college campuses. However, 
it is significant that the Army and Navy reserve programs con- 
tinued to maintain essential differences in character, although 
neither was very realistic in requiring the type of training actually 
needed for military service. 

In the meantime Selective Service procedures permitting the 
deferment of students in training for essential occupations were 
proving successful in maintaining a flow of graduate engineers for 
military service and war industries. 

Growing dissatisfaction with the general mobilization of colleges 
and universities for war resulted in a second conference under the 
auspices of the American Council on Education, in Baltimore on 
July 15-16. More resolutions were passed. In the meantime the 
Chairman of the War Manpower Commission requested the U. S. 
Office of Education to prepare a comprehensive plan for the effec- 
tive utilization of higher education in the war. The special com- 
mittee appointed to prepare this plan submitted its report on July 
10, and, on July 29, the Manpower Commission discussed the pro- 
posed plan and referred it to a subcommittee for further study. 
On August 20, the Manpower Commission released the approved 
report of this subcommittee in the form of a statement of policy 
which should guide any program for the utilization of colleges and 
universities. This statement, now widely publicized, was not an 
adoption of the report of the Office of Education Committee. Two 
points in this document are of particular significance: namely, 


(1) “ All able bodied male students are destined for the armed forces. 
The responsibility for determining the specific training for such students 
is a function of the Army and Navy.” 

(2) “ Any plan for student war training must take into consideration 
the possibility that the Selective Service Act may be amended so as to 
lower the age of liability for service to 18 years.” 


At the same time, the Manpower Commission indicated that its 
Division of Professional and Technical Personnel under the direc- 
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tion of Dr. E. C. Elliott would ‘‘function as a central agency to 
advise with government departments and higher educational in- 
stitutions concerned as to plans and procedures for the utilization 
of the facilities of the institutions and the adjustment of their 
programs for effective participation in the war effort.’’ This di- 
vision was also instructed to organize special committees represent- 
ing the special interests of higher education and to work with the 
American Council on Education as an overall agency. 

About the same time, the American Council on Education ap- 
pointed a new Committee on Relationships of Higher Education 
and the Federal Government, under the chairmanship of President 
Day of Cornell University. This committee held its first meeting 
on August 31 and September 1, and offered its services to the joint 
Army and Navy Personnel Board and the War Manpower Commis- 
sion. These offers were accepted and subcommittees were ap- 
pointed to work with both agencies. 

In the meantime the Army and Navy were proceeding with the 
college reserve programs and joint recruitment teams went into 
the field about September 15, 1942. It was of course already evi- 
dent that these plans provided no satisfactory answer to the prob- 
lems of the college student or of the military services. They were 
extremely vulnerable to criticisms of unfair discrimination in 
favor of the boy who could afford to go to college and they provided 
no machinery for the training of better qualified young men who 
might not be so fortunate financially. This problem became of 
increasing importance when it appeared evident that the Selective 
Service age would be lowered to 18. 

On September 10, Secretary of War Stimson dropped a bomb- 
shell into the college world by announcing that enlisted reservists 
would be called to active duty at the end of the term in which they 
became of Selective Service age. At the same time the Navy indi- 
cated that it had no intention of making any radical changes in its 
announced college reserve plan. - 

At the meeting of the American Council on Education Com- 
mittee on September 17-18, careful consideration was given to all 
the developments to date as well as to information obtained in 
numerous conferences with representatives of the Army and Navy 
and other government agencies. The committee recognized the 
need of an overall plan for college training for military service and 
war industry, but concluded that the tactical situation made such 
a plan impossible at this time. As a result the committee formu- 
lated a plan for an enlisted training corps in the Army, Navy, 
Marine Corps and Coast Guard. 
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In brief this plan provided the following: 


(1) That a training corps for military service be established 
at designated colleges and universities, open to all male high school 
graduates or others of equivalent education over 17 years of age, 
who meet competitive standards, up to quotas to be established by 
the respective armed forces, selection of candidates for enlistment 
to be made by appropriate military authorities in codperation with 
the institutions. 

(2) Enlisted candidates may exercise choice in the selection of 
an institution within limits of quotas and establishment of pro- 
grams by the armed forces. 

(3) Enlisted candidates shall pursue year round curricula, 
extending four semesters or the equivalent in length, agreed upon 
by proper military and institutional authorities. Upon comple- 
tion of this basic training, they may be assigned for further pro- 
fessional and specialized training. 

(4) Enlisted candidates shall receive base pay and subsistence 
while attending colleges and universities as members of the corps. 

This plan was transmitted to the War and Navy Departments 
and was made the basis for discussion in several conferences. In 
the meantime it became evident that the Army and Navy were at 
work on the formulation of similar plans which would make use of 
the facilities of colleges and universities. It became clear that 
the military services were thinking primarily in terms of training 
for the technical and professional fields, such training to be ab- 
breviated as much as possible. It was also apparent that there 
would be certain essential differences in the plans adopted by the 
Army and Navy, notably that men assigned to the Army plan 
would be selected after the completion of 13 weeks basic training, 
while those accepted by the Navy would be admitted directly from 
high school. 

Both the Army and Navy plans have now been completed in 
general form and have already been publicly referred to in state- 
ments by the President as well as by representatives of the War 
and Navy Departments. Both plans include provisions for a 
transition period which will provide for those students already 
enrolled in the enlisted reserve corps. More specific details of 
these new programs will be made public at an early date and until 
such a release is made I am not at liberty to disclose them. 

Many details such as procedures for the selection of enlistees, 
courses and curricula, and methods for the selection of participating 
institutions are not yet fully developed. In connection with these 
phases the military agencies are drawing freely on experienced 
educators for advice and assistance. 
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The nature of modern war is such that a very large propor- 
tion of the men trained in these new programs must be fitted for 
work in engineering and scientific fields. The country’s engineer- 
ing colleges will, without doubt, be called upon to carry a large 
share of the load. Therefore, we as engineering educators are 
vitally interested in seeing this work organized in a successful fash- 
ion. The 8S. P. E. E., at the meeting of administrative officers 
recently held in Chicago, authorized the appointment of a special 
committee to work with the armed forces. This committee, work- 
ing with the American Council on Education Committee, has al- 
ready submitted the names of a panel of more than one hundred 
experts in the various special fields of engineering, from which the 
Army may choose consultants for the preparation of engineering 
curricula. The services of this committee will also be used by 
both the Army and Navy in connection with other pertinent 
problems. 

The plans which I have been discussing have considerable merit. 
They will, if properly operated, permit the selection of the coun- 
try’s best qualified young men on a broad democratic basis, with- 
out regard to financial resources, and thus permit young men of 
superior ability to be trained for officers and specialists. This 
should meet adequately the needs of the military forces. 

There is another aspect to this whole problem, namely, how 
are war industry’s requirements for fully training engineering and 
scientific personnel to be met? Deferment procedures which are 
now in operation under the Selective Service System have per- 
mitted at least a portion of our graduates to go into war industry. 
With the lowering of the draft age to 18, nearly all of our engi- 
neering students will be in the Army unless Selective Service pro- 
cedures are changed. TheS. P. E. E. in common with several other 
engineering societies has recommended that provisions be made for 
the deferment of properly qualified engineering students in their 
freshman year. This recommendation is based upon the assump- 
tion that war industry will require a continuing supply of men with 
engineering training. Actual data on this point are difficult to 
obtain but all of us can testify to the tremendous demand for engi- 
neering graduates. National Headquarters of Selective Service 
have as yet taken no action on this problem. I am informed 
that they are awaiting information from the War Manpower 
Commission. I think this situation is crucial. It seems extremely 
unlikely that the demands of war industry can be met solely by 
the physically unfit or by the few women we may be able to per- 
suade to enroll in engineering courses. Certainly, it seems to me, 
that until it can be clearly demonstrated that war industry is not 
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going to need young engineers, at least a reasonable number must 
be allocated for this purpose, in addition to those assigned to the 
military services. 

In order to be really effective such a procedure would probably 
involve the establishment of an industrial training corps, with defi- 
nite quotas and definite responsibilities to be met by the institutions 
and by the students. Unless some such plan is put in operation 
in the very near future the supply of engineers for war industry in 
1943 and thereafter will be very small indeed. 

This in general terms summarizes the situation as it stands to- 
day. Some features of the Army and Navy plans will not be to our 
liking. I am, however, convinced that they are entirely workable. 
The purpose of both plans is to train men as officers or specialists. 
The courses will be sound, fundamental college training in the 
engineering fields. Military aspects will be distinctly secondary. 
Problems of administration and housing should not be too difficult. 
The total number to be trained in engineering will compare favor- 
ably with our present enrollments. 

I am sure that the engineering colleges will be able to make the 
adjustments necessary for the success of this program. 




















IMPORTANCE OF GRAPHICAL SOLUTION 
OF PROBLEMS IN MECHANICS 


By L. M. SAHAG 
Professor of Machine Design, Alabama Polytechnic Institute 


In the design of structures and machines for determining the 
forces and their effect often it becomes necessary to use the graphic 
method, either as a check to the analytic method, or as the only 
direct method of obtaining the desired results. It is not intended 
here to draw a comparative picture between analytic and graphic 
methods, or in any way to criticize the present method of teaching 
the course of mechanics. But from the practical standpoint it is 
rather important to mention that the graphic solution of problems 
in mechanics is often more desirable by the engineers in industry 
for the following reasons: (1) By graphic method one can find more 
than the desired results; (2) it is engineer’s or draftsman’s method; 
(3) the results for all practical purposes will be accurate, and (4) the 
arrangement of forces and the shape of the frame not only make 
the graphic solution shorter, but a direct method. 

The following examples illustrate a few interesting problems 
which show the usefulness and practical value of graphic method. 
Figs. 1 and 2 represent the same beam supported at both ends and 
carrying three non-parallel loads. In Fig. 1, R,; and R, are deter- 
mined by means of force and funicular polygons shown in dash lines. 
In order to determine the maximum bending moment the force and 
funicular polygons are modified, z.e. the ray or component 5 is made 
parallel to the beam. New force and funicular polygons are 
drawn in full lines. From these polygons the maximum bending 
moment is equal to (AD — BF)-h, which should be the same as 
(Ri X 10) — (30 X 5.2). 

In Fig. 2 the same results are obtained by taking the vertical 
components of 30 and 40 pounds inclined forces, and treating the 
problem as if made of parallel forces. In the force polygon, Fig. 2b, 
a — d’ is the sum of the vertical forces. For these forces the force 
and funicular polygons are first shown in dash lines, resulting R, 
and also the vertical component of R2, and finally the actual R, 
represented by the line e — d. In order to obtain the exact value 
of the intercept, the force and funicular polygons are modified, and 
are shown in full lines. Y is the maximum intercept which multi- 
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plied by h, the pole distance, will give the maximum bending 
moment. This product should be equal to, (Ri X 10) — (25.9 X 6). 

Problems of this character can be found in actual work, for 
which the graphic solution will be found not only as satisfactory as 
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the analytic solution, but it will also display the real existing condi- 
tions which various loads may cause. For instance, shafts carrying 
non-coplanar, non-parallel loads, railroad axles equipped with roller 
or ball bearings, balancing problems, inertia forces, etc., are practical 
examples which can be solved very satisfactorily by graphic method. 
Figure 3 illustrates a truss with the known forces and reactions, 
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R, and R; acting on the truss. It is desired to determine the stresses 
in members, 4, 5 and 6 by method of sections. For this, the right 
hand triangular section of the truss is chosen. Around this section 
there are three known forces, 2000, 1000 and 2620(R:2), and three 
unknown forces, 4, 5 and 6. All the known and unknown forces 
are in equilibrium. If we only had the known forces acting on the 
section, a force of 1500 pounds acting through point O will be needed 
to establish equilibrium. It will also be true that a force of the 
same magnitude will establish equilibrium with the unknown forces, 
but the direction of the latter will be opposite to that of the first. 
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Fig. 3. 


This in view, line of action of 1500 pounds, that of member 4, and 
the resultant of forces 5 and 6 are in equilibrium, and all act through 
point Q. The polygon Fig. 3b gives the values of 4 and the resultant 
of 5 and 6. The same figure also shows that 5 and 6 are the com- 
ponents of their resultant. 

The graphic solution of method of sections can be applied to 
any problem. Its usefulness can be easily seen when forces acting 
on a frame are not parallel, or the frame itself is of such form that 
the actual direction of forces, as well as the members, do not form 
definite angles either with a horizontal or vertical line, analytically 
they become rather complicated problems to solve. In this case 
it will be found that once the direction of the forces are known, solu- 
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tions similar to that in Fig. 3 will give the desired results. In some 
problems the known forces around the section may result in a couple. 
This can easily be changed into another couple as that of the un- 
known forces, or stresses, remembering that the moment of one 
couple is equal to that of the second couple with respect to the 
same point. 

Figure 4 represents a two member frame. This is solved ana- 
lytically in the Applied Mechanics, H. F. Girvin. To solve it 
graphically each leg is assumed as a separate member supporting 
the given load and having the reactions at each end. Thus, the 
left leg carries 100 pounds and the reaction at B is in the direction 
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of the right leg. These two with the reaction at A are in equi- 
librium. All three forces are coplanar, concurrent, and act through 
point Q. The solution gives the value of reaction at A, 86 pounds 
and that at B, 39 pounds. Taking the right leg we see that 200 
pounds, reactions at C and B are in equilibrium, and act through 
point P. The solution for this leg will give the reaction at C, 140 
pounds, and that at B, 120 pounds. But the total reactions at 
A, B, and C are due to 100 and 200 pounds acting at the same time. 
Therefore, the reaction at A is equal to the algebraic sum of 86 
and 120 pounds, or it is equal to 200 pounds. The reaction at C is 
equal to 140 +39 = 175 pounds. The line of action of reaction 
of 200 pounds will intersect 100 pounds line at O, and the line of 
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reaction of 175 pounds will intersect 200 pounds line at O’. Con- 
necting O with O’ the line will go through pin B, giving the direction 
of reaction at B. Since the magnitude of the latter must be such 
that it should be in equilibrium with either 100 and Ru, or 200 and 
Re, one of the combination will give the value of the reaction at B 
equal to 133 pounds. 

It will be noted, while by analytic method we obtain the hori- 
zontal and vertical components of each reaction, by graphic method 
the actual reactions are obtained directly, which can be then re- 
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solved into their components if so desired. Note also that direct 
solution will give the angular direction of each reaction, whereas 
analytically another solution will be necessary to find the angles. 

The results in comparison with those obtained analytically may 
differ slightly, but for practical purposes they can be considered 
satisfactory. 

Figure 5 illustrates a three member frame. This is taken from 
the Applied Mechanics, A. P. Poorman. Legs AC and CE are on 
smooth surfaces at A and E respectively. By inverse axic method 
Ra and Rg reactions are equal to 1555 and 2445 pounds respectively. 
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Horizontal components at A and E, i.e. X4 = Xz = O. _ Therefore, 
Xs = Xc= Xp. Taking leg AC as shown in Fig. 5a and b, Ra is 
in equilibrium with the joint reactions at B and C. Re’ is in the 
direction of the leg CE. These forces meet at point P. The force 
polygon at P will give Rc’ = 540 pounds, and Rp’ = 1950. Taking 
leg CE and by similar process we find Rc”’ = 850, and Rp’ = 3100 
pounds. But the actual reactions at B and D are equal to the 
algebraic sum of reactions, or Rg = 1950 ++ 850 = 1670 pounds, and 
Rp = 3100 + 540 = 2848 pounds. Figure 5c shows how Re is ob- 
tained. For all the reactions, Rs, Rp, Rc it will be found that the 
horizontal components are equal, ie. Xs = Xc = Xp = 1000 
pounds. The solution indicates also that the forces at the joints, 
B, C, and D are in equilibrium with the given force of 4000 pounds. 

From the above problems it is interesting to see that one does 
not have to visualize or attempt by other means of reasoning to 
determine the directions of the required forces, since each diagram 
is made according to definite rules, hence the process of following 
the direction of the lines, will easily show the character of each 
force. 

While in classroom space may not permit to obtain very accurate 
results, in industry, however, one may find sufficient means and 
conveniences in laying out the diagrams to larger scale, and obtain 
better results. Universal drafting machines, better protractors, 
etc., will be found to be very valuable tools in this work. Errors 
can easily be detected, because in some cases it will be impossible to 
go any further, until the errors are corrected. 

















FALLING BAR PROBLEM * 


By R. T. LIDDICOAT 
Assistant Professor of Engineering Mechanics, University of Michigan 


The first students of engineering took their dynamics from 
teachers of mathematics. With the formation of the large engi- 
neering colleges, these men trained as engineers with only the re- 
quired mathematics, then taught the dynamics courses. In a great 
many cases they listened to the chorus from the profession to the 
effect that engineers do not need much mathematics. The present 
teachers in charge of dynamics in the large schools are from these 
first classes and from later generations of students. 

The results can be seen from our textbooks on dynamics. They 
are with few exceptions very elementary. One of the last books on 
the market in making a revision deleted viscous damping in the new 
edition. I presume it was because the subject was too difficult for 
the rank and file. In order that the subject remain simple and 
easily mastered, the problems are carefully picked to protect the 
student from reality. Graduates from these classes then teach other 
students. Such a procedure is not conducive to progress. 

Constructively, I believe that our notion that the teacher can be 
recruited from the ranks of our graduates needs modification. Be- 
fore becoming a satisfactory teacher of dynamics, for instance, a man 
should be given light teaching loads and he should be asked to 
master a program of study that would fit him at least to read the 
works of the great analysts—LaGrange, Coriolis, Stokes, Kelvin, and 
others. I went smugly on my way until a great Russian teacher 
came to our school and his lectures showed me the breadth of the 
subject. 

“A prismatical bar of length J and weight w rests on a smooth 
frictionless table top, as shown in Fig. 1, and is held at B. If sud- 
denly released, what angular velocity w will it gain by the time it is 
free of the table?” (Statement of problem as given by Timoshenko 
and Young’s original mimeographed “ Dynamics.’’) 

In Fig. 2 


Zq@ (not shown) = zCos@, tg = 2Cosé — 26 Sin @, 
Ya = z Sin 6, Yo = 2 Sin 6 + 26 Cos8. 


* Presented at the fiftieth annual meeting, S. P. E. E. (Mechanics), New York 
City, June 27-29, 1942. 
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Force in a given direction = the time rate of change of the mo- 
mentum in that direction. 


s d 
wsino =| (20) |cose 
qd(*. nea Sag 
+[$( ae) |sino = 2 $ (Cos 0 — 24 8in0) | Cos. 


d 
4 “| $ (é Sin 6 + eb Cos 6) | Sin 
which reduces to 
g Sin 6 — 2 + (6)*z = 0. (1) 


— 


When t20 , Z=C, and @=0 y-. ws 








Fig. 1. Fig. 2. 


External Torque = Time rate of change of the Angular Momentum 


2 
we Cos 0 = | (2) E+e)ol =" ot) 0+ © deeb. 


Simplifying, we have 
P ‘ 
— ge Coso+ (G5 +2) 0+ reid = 0. (2) 


Equations (1) and (2) look quite formidable. Any change in 
choice of coérdinates could not greatly improve them. The following 
method of solution was resorted to: 

Set up two power series for z and @ in terms of time t 


2= Cot cit + cf? +---, (3) 
6 = ko + kit + kel? + ---. (4) 


If the coefficients of ¢ in (3) and (4) can be found, we will have 
a solution to the problem, valid for all values of ¢ for which the series 
converge. This is true because @ will be zero at the instant the bar 
springs clear of the table since the table reaction on the bar and the 
external moment at this instant will be zero. 
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PRELIMINARY OPERATIONS 


Co in (3) is the distance z when ¢ = 0, so coisknown. @ is 0 in (4) 
when ¢ = 0, so ky = 0. 


z2—the velocity along the bar is zero initially, so c; = 0 in (3). 
6—the angular velocity of the bar is initially zero, so k; = 0. 
2—the acceleration along the z line is initially zero, so c. = 0. 


In (3) and (4) attention is called to the fact that the subscripts 
of the c’s and the k’s are the same as the powers of ¢ in the equations 
for z and 6. This is important in later discussion. 

Before substituting the values of z and @ in (3) and (4) into (1) 
and (2) of auxiliary equations are necessary. 


AUXILIARY EQUATIONS 


2 = 1 + QWot + Bel? +--+ (nN + Menyil™ + -->, (3a) 
2 = Qe + 3-Qest + --- (n+ 2)(n + Lense" +--+, (3b) 
6 = ky + kot + 3ksl? + --+ (n+ I)kngit® + ---, (4a) 
6 = 2ke + 3-Qkst +--+ (n+ 2)(m+ I)knzot* +--+. (4b) 


Note that differentiation with respect to ¢ causes a shift in the 
subscript-exponent relationship. For the first derivative ¢ca+1) goes 
with exponent n. For the second derivative, c¢in12) goes with ex- 
ponent n. 

Expansion of Sin 6 and Cos @ in terms of 8. 


o 


66 
iat 


3 & 65 62 
Sn@=O@-a +t ce. Cos@= 1-5 + 
DETERMINATION OF THE CONSTANTS ko, C4, ETC. 


When values of (3) and (4) and their derivatives are substituted 
into (1), we get 





(kot? + ket? + ---) 
o| (ha + ba + +++) — 2 $e] 
— [8-2cst + 4-3cg? + --- (n + 2)(m + Lcnyot* +--+] 
+ [(2ket + 3ksf? + soe (n+-:- 1) cag” + ---)? 


X (co + caf? + edt + ---)] = 0. (5) 
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Substituting (3), (4) and derivatives into equation (2), we get 


k k ee 





ceit sere tt We |+[ [B+ tort Ft | 
X (Qke + 3-QBWkst + --- (n+ 2)(m + Lk apot* + ---) 
+ 2(co + cst? + -+- ¢,t™ + +++) 
X (Best? + 4ceqf? +--+ (mn + Lengit® + ---) 
X (Qhet + 3kst? + (n + Lkayst™? + ---) =0. (6) 





Equations (5) and (6) must hold for all values of time t. They will 
do this if they hold for the coefficient of each power of t. An equation is 
accordingly formed for the coefficients of each power of t as though it 
existed alone in (5) and (6). 

The constant terms, or the coefficients of f°, must add to zero in 
both (5) and (6). 

There are no constant terms in (5). 

In (6) 


gCo : 
P 
ona 2 ! 
12 + Co ) 2! 





P 
— glo t+ ig + oF ) Bk = 0, sO ke = 


The coefficients of t to the first power must add to zero so 


(5) gives 3-2cs = 0, and cz = 0. 
i? 
(6) gives pte) -3-2ks = 0, so ks = 0. 


Equating the coefficients of f? in (5) and (6) to zero we get from (5) 
4k. k 
q= Rant os and from (6) k, = 0. 
The coefficients of # in (5) and (6) give cs = 0 and ks = 0. 
Equating the coefficients of f* to zero (5) gives cs = 0 and (6) gives 


Cok2? 
gc, — — — 2cocske 


[2 
65( G+) 
definitely. 


ke = 





This process can be continued in- 
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GENERAL OBSERVATION 


Equations (1) and (2) have a z and @ respectively. When 
(3) and (4) are substituted into (1) and (2) giving (5) and (6), 
the term in ¢” coming from the 2 part of the Equation (1) will be 
Caz2°(n + 2)(n + 1)t*. This is the only point at which c,;,2 occurs 
in the equation of coefficients of ¢* in (5). All of the other coeffi- 
cients both c’s and k’s come earlier in the z and @ series than Cna,2. It 
follows that if co to c, and kz to k, are known, then c,,2 can be found 
and by mathematical induction all of the c coefficients can be found. 

In Equation (6) the term kn,2-(n + 2)(n + 1)ét* will occur where 
6 appears in (2) and only there. All of the other coefficients of ¢” 
will have c’s and k’s in (3) and (4) occurring earlier in the series than 
kn+2. It follows by mathematical induction if kz to k, and co to cn 
are known, k»,2 can be found. 


ELIMINATION OF Opp Powers oF /¢ IN (3) AND (4) 
Product of p Power Series 
(ao + ayt + aot? + ---) 
X (bo + bit + bol? + ---) 
X (do + dit + dof? + ---). 
I II III 
Product = dobo-do + (aibodo + bidodo + diaobo)t 
+ (all ways of combining a, b and d subscripts to add to 2)? 
+ (all ways of combining a, b and d subscripts to add to 3)# + ---. 
(7) 


The ¢” of (5) has ca,2 as the new term sought and it occurs in Z 
alone. If n is odd (7) shows that each term such as I and II etc. in 
(7) contains one term with an odd subscript. It follows that if the 
c’s and k’s of odd subscript occurring in (3) and (4) earlier in the 
series than Cn,2 are Zero, Cn+2 Will be zero and terms of odd coefficient 
are ruled out. 


Tue GENERAL TERM OF (3) 


It is desirable to write out the general expression for the value of, 
Say, Ca+2 to facilitate passing on the detailed labor of finding the 
coefficients to a computing machine operator and to study the 


problem of convergence. 
If the expansion for sin @ is cut to the first two terms, Sin @ = 6 


- _ (which even at 60° will give .86 instead of .87), the general ex- 


pression for c,42 can be written out. 
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As explained, § = 0 at the required time when the bar leaves the 
table. So 


i. fj = 2ke 
6 = O = 2k. + 6.5kelt + --- and t= Von 


if the part of the series for kyot!® etc. is dropped. 

A rough experimental check was made by slow-motion “movies” 
for a 3 diameter steel rod 12’ long released with its c.g. 4’’ out from 
the edge of the table. The time found experimentally was within 
.01 second in .20 seconds. The problem was solved again in the 
same manner as that described except that a coefficient of friction of 
.3 was assumed. The time found by the two methods was on oppo- 
site sides of the value found experimentally. 





CONCLUSION 
Your attention has been recalled to the law, 


Force in a given direction = the time rate of change of 
the momentum in that direction, 
(Referring to fixed directions) 
and to the law 


External Torque = the time rate of change of the Angular 
Momentum. 


In this case, Coriolis’ law entered incidentally. 
The power series has been called to your attention as a powerful 
tool in the solution of problems of this sort. 

















SANITARY ENGINEERING AS A PROFESSION * 


By E. SHERMAN CHASE 
Partner, Metcalf & Eddy, Engineers, Boston, Mass. 


Sanitary engineering is that branch of engineering which relates 
to the betterment and control of environmental factors affecting the 
public health. 

Origin of Sanitary Engineering.—The origins of sanitary engi- 
neering, like those of most human institutions, will be found in the 
distant past. As has been stated many times the Mosaic laws in 
part were concerned with sanitation and hygiene. Centuries ago 
the Chinese used alum for the clarification of water and the aque- 
ducts and sewers of Rome are classic examples of ancient sanitary 
engineering. 

In relatively modern times sanitary engineering problems arose 
in Europe with the general introduction of public water supplies 
and the water carriage system of sewers. Filters for the Thames 
River supplies were constructed as long ago as 1829. The sewers 
of Paris were made famous by Victor Hugo in “‘Les Miserables,” 
written in 1862, and the stink of the Thames in the eighteen fifties 
led to governmental action in England to reduce the sewage pollu- 
tion of English streams. 

In this country the first public water supplies were introduced 
about the beginning of the past century, to be followed by sewerage 
and drainage systems. 

Until the ‘“‘germ theory” of disease demonstrated the bacterial 
origin of cholera and typhoid the objectives of sanitary engineering 
were public comfort and convenience. With the demonstration 
that certain infectious diseases are transmitted by food and water 
the emphasis was transferred to the public health aspects of sanitary 
engineering. This change of emphasis is reflected in the demand for 
changing the term “‘sanitary engineering”’ to ‘‘public health engi- 
neering.”” The important effect of the discoveries of Pasteur and 
his successors in bacteriology, biology, and biological chemistry, 
was the establishment of the relationship of these sciences to the 
art and practice of sanitary engineering. 

As has been true in many specialized fields of engineering, the 
development of courses to give educational training in sanitary 


* Presented at the meeting of the New England Section, S. P. E. E., Went- 
worth Institute, October 17, 1942. 
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engineering followed the practical application of the newly acquired 
knowledge. Just about 50 years ago the first four-year course in 
sanitary engineering was set up at Columbia University, followed 
shortly by a second course at the Massachusetts Institute of Tech- 
nology. Although few colleges or technical schools give separate 
courses in sanitary engineering today, there are a fair number which 
give sanitary engineering options with their civil engineering courses. 
This fact leads to a consideration of the fields of practice for which 
the technical schools should prepare their undergraduates. 

Control of Environment.—Under the definition starting this 
paper environmental control and betterment lie within the province 
of the sanitary engineer. There are five broad classes into which 
sanitary engineering activities may be grouped: 

First, the development and protection of public water supplies; 

Second, the collection and disposal of the wastes resulting from 
man’s activities; 

Third, the control and eradication of rodent and insect pests, 
particularly those involved in the spread of disease; 

Fourth, the sanitation of food production and distribution; 

Fifth, general environmental cleanliness, including prevention 
of atmospheric pollution, street cleaning and miscellaneous controls 
over living, working and recreational conditions. 

Branches of Sanitary Engineering Practice——The practicing 
sanitary engineer usually finds himself in one or the other of two 
groups. The first group is that group which is directly interested 
in the administrative and governmental promotion of sound engi- 
neering principles, in the five broad fields of practice above out- 
lined, which make for public health and the prevention of disease. 
The second group is that which is concerned with the physical 
incorporation of these principles into public or private works, their 
design, construction and operation. 

Sanitary Engineering in the Field of Public Health.—In the field 
of public health the sanitary engineer is called upon to supervise 
the execution of health laws, exercise general oversight of sanitary 
works, and carry out sanitary engineering research. The agencies 
involved may be municipal, state or federal. These agencies em- 
ploy many sanitary engineers whose duties relate to law enforcement 
and to the promotion of public sanitation projects. 

Sanitary engineering divisions of state health departments are 
typical of the public services which call for engineers trained in the 
fields of practice previously outlined. Every or nearly every state 
in the Union has a state sanitary engineer. In some state health 
departments a substantial number of engineers are employed and 
in other states but one or two. Naturally the larger the state the 
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larger the engineering staff of the health department. In the case 
of the larger engineering staffs there is apt to be specialization of 
duties whereas in the small health departments, with one engineer, 
his duties are broad and cover a wide field of activity. 

Probably the most important duty of the state sanitary engi- 
neer is the sanitary protection of public water supplies. This 
involves oversight of watersheds, prevention of pollution and the 
general supervision of operation of purification plants. Particu- 
larly important in this service is the promotion, by educational 
persuasion, of water supply betterments. Another phase of water 
supply protection is the control or elimination of cross-connections 
between public and private supplies. 

Next in importance, at least as far as established custom is con- 
cerned, is the control of stream pollution by sewage and industrial 
wastes. This function of state sanitary engineers usually includes 
review of plans for sewerage and sewage treatment works, submitted 
by designing engineers and the examination of streams, subject to 
pollution. Routine inspection of sewage treatment plants and the 
maintenance of general supervision of their operation are other 
duties assumed by the engineers of state health departments. 

In southern states mosquito control, for the prevention of 
malaria, is an important field of activity for health department 
engineers. This involves supervision of drainage projects, their 
construction and maintenance. Rodent control has not received 
much attention except from the sanitary engineers in coastal 
regions. These remarks apply to continental United States. In 
areas where rodents serve as intermediate hosts for the organisms 
causing plague and other parasitic diseases the engineer comes into 
action. 

The state sanitary engineer plays an important role in the pro- 
duction of clean and safe milk and, in coastal areas, the protection 
of shell fish from pollution. Pasteurization of milk in particular 
frequently comes under the jurisdiction of sanitary engineering 
divisions. 

In addition to the above outlined duties state sanitary engineers 
are frequently required to look into the sanitation of public swim- 
ming pools, the abatement of nuisances, the general sanitation of 
camps and to advise with respect to water supply and sewage dis- 
posal for state institutions. In one state, at least, the sanitation of 
beauty shops and barber shops comes under the state sanitary 
engineer. 

The preceding brief discussion of the multitudinous duties of 
state sanitary engineers applies in a limited way to county and city 
sanitary engineers. In the case of city sanitary engineers they may 
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be required to oversee the cleaning of streets and the collection and 
disposal of rubbish and garbage. 

The second broad function of sanitary engineers in the field of 
public health relates to their connection with research problems in 
sanitary science. In this activity they are likely to be associated 
with chemists and biologists. The first outstanding example of 
sanitary engineering research in the United States is that of the 
Lawrence Experiment Station of the Massachusetts State Board of 
Health, where research has now been carried on for over a period of 
fifty years. In Federal circles the work of the experiment station 
of the U. S. Public Health Service at Cincinnati is outstanding. 
Other important sanitary engineering research stations have been 
operated at one time or another by individual cities, in the interest 
of advancing the art of water purification and sewage treatment. 
In recent years certain equipment manufacturers have carried out 
important researches in the application of equipment or processes. 

Public and Private Sanitary Engineering Works.—The sanitary 
engineer engaged in the public health field has to do with the applica- 
tion of sanitary principles in the administration of health laws. 
He seldom is called upon to incorporate these principles in actual 
structures. This is a matter for engineers in private practice or in 
charge of public works departments. The sanitary engineer en- 
gaged in the design of works must be competent to embody scien- 
tific principles in the basic design of sanitary works and in many 
cases execute the detail structural design. He must be familiar 
with the state of the art and must have sufficient experience and 
judgment to determine what methods to adopt and what to reject. 

Many young sanitary engineers serve as inspectors on construc- 
tion and in some cases such early employment leads to their remain- 
ing in the construction end of the profession, either as construction 
superintendents or as contractors. In any event the engineering 
office, public or private, having to do with the actual construction 
of sanitary works, usually expects to carry on technical supervision 
of such construction. 

With the completion of projects involving the purification of 
water, the treatment of sewage and industrial wastes, it is fre- 
quently the function of the sanitary engineer to assume charge of 
their operation. This is a field in which at present there is a demand 
for technically trained sanitary engineers in excess of the supply, 
particularly at military establishments. In some ways this is a 
particularly interesting and instructive line of activity, for the 
young sanitary engineer. It has always seemed to the speaker that 
construction and operation experience should be had by the sanitary 
engineer before he attempts to design. 
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In the past twenty-five or thirty years there has developed a new 
field of activity for the sanitary engineer and that is in the promo- 
tion and sales departments of manufacturers who produce equip- 
ment or materials used in sanitary engineering projects. This sort 
of work requires individuals with suitable temperaments and person- 
alities. The danger to young men entering this field is their ex- 
posure to the temptation to sacrifice intellectual and professional 
integrity for the sake of meeting sales quotas. However, engineers 
with the proper training in sanitary engineering and of unimpeach- 
ible integrity can serve a most useful purpose. 

No reference has been made to the somewhat limited field of 
education. Here, of course, a few graduates in sanitary engineering 
find their life work, and as sanitary engineering subjects are taught 
in connection with civil engineering courses in a number of colleges 
and universities, there are opportunities in this field from time to 
time. 

Essentials of Sanitary Engineering Education—A practicing 
sanitary engineer cannot resist an opportunity to express to a group 
of engineering educators his views on sanitary engineering educa- 
tion. Any product is judged by how it functions, and this is true 
of the product of our institutions of learning. Experts always 
seem to be disagreeing among themselves, particularly educators, 
but when a rank outsider attempts a suggestion in the educational 
field they forget their disagreements and gang up on him. How- 
ever, it should not be forgotten that it is the layman who is the 
customer for the goods turned out by the universities and technical 
schools and that he is in a better position to appraise those goods in 
service than the professor who had only their processing. 

It seems to the speaker that in undergraduate courses in sanitary 
engineering there should not be too much specialization or too deep 
excursions into allied but different fields of specialized knowledge. 

Obviously the sanitary engineer must be thoroughly grounded in 
the fundamental principles of the natural sciences, physics, chem- 
istry, geology and biology. The arrangement of courses in these 
subjects, however, should be in accordance with the problems which 
will arise in the practice of sanitary engineering. There is always 
the danger that the enthusiastic teacher of physics, for example, 
will try to make physicists out of all his students. 

Another ‘‘must”’ in the education of the sanitary engineer, as is 
true with all types of engineer, is mathematics. Again the relation 
of the mathematical courses to the practice of engineering needs to 


be stressed. 
When it comes to technical subjects it may be somewhat difficult 
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to select those which are basically important. The work of the 
sanitary engineer involves so many phases of engineering and science 
that there is a tendency to overload the curriculum. Certainly 
mechanics, structural design, materials of construction, hydraulics, 
design of water works and sewage works, principles of public health 
and sanitation and elements of electrical and mechanical engineer- 
ing should be among the subjects taught. 

The speaker is a believer in the need for the development of some 
degree of manual skill in all engineering students. The young engi- 
neer’s first job usually depends upon his ability to perform some 
service with his hands. Consequently he should be able to survey 
accurately, to draw reasonably well, and to perform laboratory 
technique. There is a tendency to decry these relatively humble 
skills, but it must be remembered that most engineers have to 
start at the bottom and that the better they perform the simple 
tasks the sooner is promotion and advancement likely. 

In addition to technical knowledge the sanitary engineer needs 
to have a reasonably broad cultural background, and to this end 
subjects such as history and literature should be included in his 
education. Particularly important is training in the proper and 
accurate use of the English language, for writing and speaking. 
Language for the engineer must be another precision tool for the 
transmission of his thoughts to others. Some degree of training 
in the principles of economics and in business and public health 
law should also be given. 

Advanced work in specialized phases of sanitary engineering 
and the expenditure of any considerable amount of time on re- 
search problems should be saved for post-graduate work. There 
are too many fundamentals involved in the training of sanitary 
engineers to warrant side trips into interesting but non-essential 
activities. 

The Future of Sanitary Engineering.—No one can say what the 
future holds for any type of engineer. There will continue to be 
the same problems in the United States as have existed for years, 
and new fields of activity will undoubtedly develop. Furthermore, 
it seems not improbable that American-trained sanitary engineers 
will be called upon to play an important part in the post-war world 
in the now not-so-far reaches of the globe. Sanitation problems of 
vast magnitude exist in Africa and Asia, awaiting attack by com- 
petent sanitary engineers. It behooves those entrusted with the 
education of sanitary engineers to envision those problems and to 
prepare their students for service in spreading the gospel of sanita- 
tion to all the nations. 
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DISCUSSION 


By RALPH W. HORNE 
Partner, Fay, Spoffard & Thorndike, Boston, Mass. 


Mr. Chase has presented a very interesting and comprehensive 
paper in which he has set forth the history, scope and diversity of 
sanitary engineering work. 

The speaker was interested to note the definition given for 
sanitary engineering. No doubt, most of us have at one time or 
other attempted to put down on paper his conception of the defini- 
tion of the profession in which he is engaged. The speaker there- 
fore submits the following definition: 


Sanitary engineering, as a profession, is the practice of 
the art of organizing and directing man’s efforts and of 
utilizing the forces and materials of nature for the protec- 
tion and improvement of the public health. ~ 


Practically the same meaning is conveyed by both definitions. 

The speaker agrees heartily with Mr. Chase in his statement 
regarding the world-wide fields which will be open to postwar 
activities of the sanitary engineering profession. It is important 
that we should organize and prepare to meet a greatly increased 
demand for modern sanitation after the war is terminated. 

It appears that in Mr. Chase’s reference to the ‘Essentials of 
Sanitary Engineering Education,” there is implied an invitation for 
the consumer to tell the producer what he thinks of his product, and 
I therefore am taking this opportunity to point out certain apparent 
“‘shortcomings”’ of the average technical school graduate. 

My remarks are based on my knowledge of the workings of the 
engineering organization of which I am a partner, and are applicable 
particularly to the type of engineering work handled by that con- 
cern. However, I believe the remarks are applicable to numerous 
other private engineering offices. The engineering work usually 
handled by private engineering concerns includes investigations 
and reports, engineering designs, preparation of plans, specifications 
and other contract documents, and engineering supervision of 
construction. Clients of many private engineering concerns are 
largely either municipal, state, or federal agencies and, perhaps to a 
lesser extent, private concerns. 

Engineering employees of private engineering concerns generally 
fall within one of four groupings, depending upon the relative 
responsibility of their work. These four groupings, arranged with 
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the less important responsibilities in group (1) and the highest 
responsibilities in group (4) are: 


(1) Draftsmen, survey men and computers 
(2) Designers and detailers 

(3) Assistant engineers 

(4) Engineers 


An evaluation of the work of technical graduates employed by 
our firm under the several groupings indicates the desirability for 
certain additional qualifications to make the men more useful to us. 

It is taken for granted that the technical graduate will have re- 
ceived adequate basic training in mathematics and the fundamental 
sciences. 

It is my opinion that the average inexperienced technical gradu- 
ate is lacking in drafting ability and needs a better appreciation of 
the value of well-made plans, and the value of a clear graphical 
presentation of facts by use of plans, charts and diagrams. Good 
drafting ability will be helpful to an inexperienced technical gradu- 
ate in retaining steady employment and in gaining practical knowl- 
edge, through drafting work, of construction details worked out by 
his more experienced superiors. The technical graduate should 
have been taught that drafting is not too menial a task for him 
to perform. 

Furthermore, an employee’s value would be enhanced if he were 
trained to recognize when he had reached a satisfactory solution 
of a problem and taught to understand the need for economy in the 
engineering expense put into the solution of a problem. Some 
instruction regarding the business side of the operations of an 
engineering organization should provide a worthwhile addition to 
the usual “‘stock in trade” which the technical graduate has to offer 
his employer. The technical employee should be able to judge 
as to the reasonable amount of time needed to solve a problem, 
or perform a task. 

The technical training should give a man sufficient instruction 
in report writing to enable him to recognize the facts to be set forth 
and their relative importance, and should train him to present 
facts clearly and in logical arrangement, so that the client will be 
convinced that the solution presented is a correct one. The ability 
to put thoughts clearly on paper so that they will be readily under- 
stood is also valuable in the preparation of contract documents and 
specifications. 

The training of a man for any branch of public works engineering 
should give him a good understanding of ordinary political practices 
in so far as they may affect the operations of municipal, state and 








522 SANITARY ENGINEERING AS A PROFESSION 


federal agencies; and the man should understand that he can become 
better posted regarding such matters by actually serving, as an 
elective representative of the people, in his own municipal or state 
government. Service in an elective capacity in municipal or state 
government is often looked upon as desirable training for a lawyer; 
it is an equally desirable training for an engineer whose work is to 
deal largely with public works undertakings. A clear understand- 
ing of the manner in which the operations of a public works depart- 
ment may be affected by political influence will frequently be of 
much value in arriving at the practical engineering solution of a 
public works problem. 

In summarizing, I would point out that both employers of 
engineers and engineering employees will find it to their mutual 
advantage, if the institutions for engineering education will turn 
out men, as sanitary and civil engineers, who are better qualified 
as draftsmen, and more appreciative of the value of good drafts- 
manship; men trained to recognize when a satisfactory solution of a 
problem has been accomplished; men better trained to present 
clearly and logically in written report the solution of a problem; 
and men informed with regard to the effect of political influence 
upon the viewpoint of those who are entrusted with the operation 
of municipal, state and federal agencies. 


By EDWARD WRIGHT 
Sanitary Engineer, Massachusetts Department of Public Health 


The sanitary engineering profession is at present in a very 
difficult position because of the fact that a great many sanitary 
engineers have been inducted either into the Sanitary or Engineer 
Corps of the Army or into similar branches of the Navy and Marine 
Corps or have entered the U. 8S. Public Health Service and, while all 
sanitary engineers regret the drafting of qualified sanitary engineers 
into the Infantry or Artillery or direct Naval services when their ser- 
vices to the Army or Navy in their professional capacity would be of 
value, the situation is of course such that it is inadvisable to attempt 
to request further deferments except for the essential key men. 
To show the difficulty in keeping the staff intact it may be pointed 
out that an engineer in a lower bracket recently with the department 
is now a welder in a shipyard at over double his salary as a state 
employee. Another engineer in a higher bracket has recently been 
called to South America to a virgin field for a sanitary engineer. 
Fortunately, he is doing very valuable water supply and sewerage 
work in a country where such improvements are unknown. 
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This leaves the profession in a difficult position to carry on 
the necessary sanitary engineering work required to keep the home 
fires burning and to carry on such work as is required particularly 
by state departments of public health and the U. 8. Public Health 
Service in connection with the sanitation of Army and Naval 
establishments and the effect of these establishments on the public. 
It is such a difficult situation that Mr. Chase obviously was unable 
to find time to write his paper in time to enable the speaker to 
prepare a suitable discussion. Many of the key men in the Sani- 
tary Engineering Division of the Massachusetts Department of 
Public Health have been called into the service. The remaining 
young or very mature men are required to work overtime in carrying 
out an increasing number of sanitary engineering problems. In 
fact the dearth of sanitary engineers is not dissimilar to the present 
lack of medical and nursing personnel. Recently an important 
manufacturer has been unable to obtain the services of a properly 
qualified sanitary engineer to assist him in his waste disposal problem. 

The priority situation has made the procurement of materials 
for water supply and sewerage construction difficult and has had a 
decided effect in slowing normal construction of water supply and 
sewerage works. Without this condition the scarcity of suitably 
trained sanitary engineers would have been more serious. 

It is to be assumed that the speaker’s discussion should relate to 
sanitary engineering in public health departments. The Massachu- 
setts Department of Public Health has a Sanitary Engineering 
Division which, under normal conditions, is staffed by some 51 
engineers, 24 chemists and bacteriologists and 32 in the clerical 
force, or a total of over 100. The staff now consists of 21 engineers, 
17 chemists and bacteriologists, 24 clerks and 2 non-professionals. 
It has been necessary to give up much of the regular work ordinarily 
demanded by the public or to get others to do it. The Division 
comprises not only strictly sanitary engineering work but a labora- 
tory in the State House for water and sewage analyses including 
microscopical examinations, and also an Experiment Station at 
Lawrence where the bacteriological work and research activities 
are carried on. 

It can safely be said that there is no professional service other 
possibly than medicine which is closer to the public than that of 
sanitary engineering nor are the other professions more worthwhile 
and essential to the welfare of the public. This has generally been 
recognized by all classes of citizens including those holding elective 
offices who generally assume a “hands off” attitude. The sanitary 
engineering profession has numerous names. In some instances, 
it is called public health engineering. The most recent is to class 
the work as environmental sanitation. The basic work, of course, 
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relates to water supply and sewerage of which there are numerous 
phases. - A list of the other subjects involving the sanitary engineer 
in public service arranged alphabetically is as follows: 


Air Pollution and Conditioning Malaria 
Bathing Places Milk 

Camps Mosquitoes 
Cemeteries Nuisances 
Cosmetics Pigs 
Crematories Police Stations 
Cross Connections Ratproofing 
Flies Shellfish 
Foods Smoke 
Garbage Stream Pollution 
Hydraulics Teaching 
Housing Ventilation 
Industrial Hygiene Vermin 


In the old days sanitary engineering was a small branch of 
civil engineering. It is now a distinct branch of the engineering 
profession with an enlarging field including a great deal of chemistry, 
biology, microscopy, mechanical engineering and the study of 
statistics. The requirements in mechanical engineering are in- 
creasing materially particularly in connection with sewage disposal 
where now complicated mechanical devices are required particularly 
in the handling of sludge and in its incineration. 

The sanitary engineer is required to meet the public rather 
more than many other branches of the engineering profession be- 
cause of the public nature of the work. In addition, the sanitary 
engineer must know the law and certain consulting sanitary engi- 
neers are involved very frequently in litigation regarding public 
matters. The sanitary engineer must know various industries 
particularly in relation to waste disposal from such as leather es- 
tablishments, gas works, wool handling establishments, powder 
mills, paper mills, wire mills and distilleries. The sanitary engineer 
in a health department must be conversant with the general laws of 
the state and the special acts under which municipalities operate. 
He must be prepared to introduce new legislation and to assist in 
its passage and must expect to devote a very considerable amount 
of time in teaching elected officials the necessity of suitable public 
health laws. 

The sanitary engineering profession is one in which the pro- 
fessional sanitary engineer may receive a minimum compensation 
but he will realize a maximum amount of satisfaction in the work. 
There are two members of the staff of the Engineering Division of 
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long standing who do not hold college degrees and the first Chief 
Engineer of the Department of Public Health, who was subsequently 
President of the American Society of Civil Engineers, held no 
college degree but practically every member of the present staff 
had a degree from a recognized college course in sanitary engineering 
before his appointment. While the Division and other sanitary 
engineering organizations are now searching for sanitary engineers, 
it is not likely that any can now be found who are suitably qualified 
as the field is reduced to an absolute minimum. 

The work of the engineering profession when well carried out 
will give the individual a great satisfaction of doing a necessary and 
worthwhile job. One hesitates to think what the State of Massa- 
chusetts would be like had it not been for the sanitary engineering 
profession. 
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AERONAUTICAL ENGINEERING COURSES FOR 
UNDERGRADUATE AND GRADUATE 
CURRICULA * 


By HANS REISSNER 


Illinois Institute of Technology 


The preparation of aeronautical engineers presents special prob- 
lems and a great responsibility for the schools of higher technical 
education in this time of emergency and for a field which has be- 
come of paramount importance. 

The Army, the Navy, the Civil Service and the aeronautical 
industry, as it has been emphasised by several leading executives, 
needs two classes of young engineers. They must have a com- 
paratively small number of men highly educated as well in the 
basic sciences as in all applications necessary for new design and 
experimental and theoretical research, and they need also a much 
larger number of young engineers able to do the routine work such 
as tests of materials and structures, performance calculations, 
stress analysis, detailing designs with understanding and relia- 
bility. 

It is perhaps too simple to say that for the second class the 
undergraduate study should be sufficient and for the first class the 
postgraduate study required. In fact for the graduates of the 
first engineering degree a postgraduate education for the just 
named routine work is indispensable but generally given in their 
service or factory and graduates of higher engineering degrees 
will, after a time, see their efficiency in fields other than original 
research and other than the development of new technical ideas. 

Another choice must be made by the schools themselves for the 
system of their courses and by the factories in the selection of em- 
ployees. 

There is one system of preparation demanding a general engi- 
neering education either as mechanical or as civil or even as elec- 
trical engineer as a prerequisite and giving the special aero- 
nautical education by optional courses. These would be subjects 
treated partly relying on more general knowledge acquired in the 
courses of machine design, steam and gas engines, engineering 


* Presented at the 50th annual meeting, S. P. E. E. (Aeronautical), New 
York City, June 27-29, 1942. 
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mechanics, structural analysis and so on, applied to the special 
aeronautical courses. . 

If with this system a separate aeronautical department is in 
existence it has to codperate with the other departments in a num- 
ber of common courses and to emphasize the unity of engineering 
science and stresses the adaptability and versatility of the engi- 
neer for different fields in seeing connections between the different 
fields which a specialist perhaps may overlook. 

On the other hand there is the system of an entirely independent 
aeronautical department specializing in courses like engineering 
mechanics, physics, chemistry, strength of materials, statics, dy- 
namics and hydro- and aerodynamics, structural analysis and 
engine design just for the application in aeronautical engineering. 
This method has of course the advantage that some time is saved 
in the proper aeronautical courses of aerodynamics and stress 
analysis and design of airplanes and that the graduates are so 
specially prepared as not to need as much additional apprentice- 
ship as employees of an aeronautical plant. 

I think both systems can do good work and besides very much 
depends on the personality of the individual student. 

In both systems of education special features appear in the 
treatment of the fundamental subjects of aero- and hydrodynamics, 
stress analysis and design of which some may be mentioned here. 

In aerodynamics of the airplane besides the practical perform- 
ance and stability calculations such subjects as the concepts of 
circulation, of vortex bundles and vortex sheets (free and fixed 
and their conservation), of induced velocity fields, of free and 
self-excited vibrations are to be emphasized much more than in 
other compressibility effects below and above the velocity of sound 
and changing working conditions of the engine with altitude and 
precompression engineering fields. 

In the stress analysis the multiplicity of loading conditions fol- 
lowing the great number of possible states of flight, atmospheric 
conditions and wind irregularities and of maneuvers is an impor- 
tant chapter in itself, very involved if compared with loading con- 
ditions in buildings, bridges or engines. 

The necessity to go to extremes in light weight requires special 
considerations in the choice of high quality materials and the al- 
lowable stresses and deflections with different safety factors at 
different places in the airplane. 

In the stress analysis proper, there are the special chapters on 
bending of continuous beams under compression, on the tension 
field theory of thin webs and airfoil skins, on the shear lag in 
stressed skin construction, on the bending, torsion and buckling of 
the shells, appearing particularly in the fuselage, on the impact 
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stresses and the spring and frictional action in undercarriages. 
All these subjects appear rarely in other fields of engineering. 

The course in airplane design presents peculiar difficulties in 
the great variety of types, and controls, in the numerous accessories 
and instruments and in the unavoidable fact that many design 
features remain either unknown or unexplained being either fac- 
tory or military secrets. 

The instructor will bring the airplane types into a certain order 
as much as possible according to their service, that is classify them 
as sports or private, passenger, freight and military types. He 
will have to show the often conflicting demands—on c.g. location, 
visibility, aspect ratio, maneuverability, weight and drag saving, 
speed range, propeller and undercarriage. The reasons for high 
wing and low wing structures, for sweep back, dihedral and twist- 
ing of wings, the means to avoid flutter and stalling must also be 
thoroughly discussed. 

The final purpose of this course which is to prepare the student 
for the design complete in general features and showing at least 
some of the more important details in ribs, spars, hinges and con- 
trol surfaces, undercarriage and propeller, can only be attained by 
giving him enough sample structures in models and drawings of 
existing and approved structures. 

Teaching experience seems to show that very much teaching 
material must be put at the disposal of the instructor and the 
student and very much time must be spent and high credit be 
given to induce the student to finish a project. 

The schools will have to decide how much they want to treat 
in undergraduate and how much in graduate courses and how much 
they will leave to the later apprentice work in the factory after 
having taught the fundamentals of theory and of general and detail 
design. These reservations, and general considerations in mind, 
it may be allowable to make the following statements: The under- 
graduate training should lead the student so far as to be a good 
draftsman, stress-analyst, testing man and aerodynamicist with 
only a certain amount of instruction left over to his chief for the 
ordinary propositions of the factory or office, where he has to work 
later on. 

The post graduate training should not make the student too 
conceited to be willing to do the drafting, testing or stress work 
just enumerated but it should make him capable if the opportunity 
arises of working out new technical design ideas, to suggest more 
efficient or time saving procedures, and to find by appropriate 
systematic research the cause and the elimination of failures. 

One more general statement not new but valid and essential 
for all kinds of teaching may be repeated here. 
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The courses should not be given with the ambition of covering 
the subject completely but rather with the intention to accustom 
and familiarise the students with the fundamental methods and 
their thorough application so intimately as to make them able to 
help themselves when new problems arise and to look up the perti- 
nent references and to apply the methods learned in school for 
new problems. 

In fact the student should not be overwhelmed with too many 
facts and special methods. It is better to give him the confidence 
that he has enough basic background to tackle a problem even if 
it has not been treated in the course. 

Therefore if no attempt is made in this paper to give a de- 
tailed disposition of the curricula for aeronautical engineering it 
must be understood that each instructor must make his decision 
according to the number of hours allotted and to his preference 
and opinion about the value in fundamental typicalness of the 
different chapters. Besides it may be of advantage to change the 
disposition of a course especially for postgraduate study from term 
to term not only good for the students but also for the freshness 
of mind of the lecturer. 

Then there is the question of textbooks. A textbook of course 
may have the ambition of being not only a help for the student 
and the instructor during the course but also a reference and help 
for his later practical work and so only a certain fraction of the 
textbook need be covered in a course. Yet I must criticise a num- 
ber of textbooks in that they do not use the opportunity of their 
ample printing space to give the possibility to study the deriva- 
tion of theorems in the theory of potential or vortex flow, or of 
buckling of plates or shells or of flutter and so on either in foot- 
notes or in an annex. 

From the title of this paper it may have been expected to hear 
detailed statements and figures about the number of hours of each 
term and course about the chapters in each course to be treated, 
about the division into undergraduate and postgraduate courses 
and about the prerequisites of admission to the courses and about 
the textbooks to be recommended. 

Of course much thought must be given to these questions, but 
it would lead too far to go into all the varying conditions of the 
schools and the varying aims of their education. 

It may be allowed to refrain from detailed programs and to 
state only the following conclusions : 


Four special aeronautical courses are necessary at least. 


1, Aerodynamics of Aircraft 
Stress analysis of Aircraft 
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Design of Aircraft 

Theory and Design of Aircraft Engines. 

These courses should require at least 4 week hours for sixteen 
weeks and extra drafting hours for the last two named. 

2. The undergraduate courses must give the practical formulae 
needed for the routine work in aircraft industry but in such a 
way that the students get an intimate knowledge of the deriva- 
tion of these formulae. 

The graduate courses must familiarize students with the 
advanced problems of the aircraft science relying on their ad- 
vanced mathematical and technical knowledge and show them in 
which direction research problems are ripe and useful. 

3. The prerequisites for the undergraduate courses should be good 
eredits in advanced calculus, in first elements of total and partial 
differential equations, in physics, chemistry, strength of mate- 
rials, elements of statics and dynamics, in structural analysis 
and in drafting of machine elements. 

The last two subjects may need special provision for students 
of mechanical and of civil engineering respectively and a close 
codperation with the departments giving these preparatory 
courses especially necessary in mathematics. 

4. There is in all schools in the United States and abroad a sharp 
{livision between the aeronautical courses proper and the course 
on aeronautical engines. In fact civil engineering students 
while they are well prepared for the aeronautical branch of 
engineering are not prepared for engine design, and even me- 
chanical engineering students would first have to specialise in 
automotive engineering and affiliated subjects of thermody- 
namics, metallurgy and chemistry. 

The education in aeronautical engine design from the theo- 
retical and the designing as well as from the laboratory point 
of view is extremely important and should not be left too much 
to the aftergraduate teaching in engine factories. Yet experi- 
ence has shown that it is better to keep it apart as a special 
branch of aeronautical education. 

5. The schools and their instructors must regularly exchange ideas 
and experience with the different places of development and 
manufacture and also try to check the results, successes, and 
mistakes of their alumni at the points where they appear later. 











RECRUITING ENGINEERS * 
By R. L. SACKETT 


Chairman, Committee on Selection 


War requires that we do the unusual. The traditional must 
sometimes be modified or abandoned. Thus the engineering col- 
leges have undertaken forms of training and education commonly 
remote from their main objectives. These constitute new burdens 
and for some of them, faculties must be expanded or extra hours 
are required of teachers without additional income. 

There is also the temptation in war time to abandon real ob- 
jectives temporarily perhaps and to lower standards to a point 
where undergraduates are not prepared to carry out the duties 
imposed on them and graduates are unable to perform the tasks 
which employers expect them to carry. The line dividing the war- 
rantable compromise from one which is a delusion is often difficult 
to draw precisely. In general, engineering colleges have insisted 
on maintaining standards of quality. 

There are those who believe that any high school graduate should 
be admitted to engineering college instruction if he stands a chance 
of learning something about drafting, mathematics, physics and 
military drill. The applicant who is deficient in scholastic ability 
in mathematics, science and drawing may leave at the end of one or 
two years. Has he obtained the best preparation which his capacity 
fits him for? Since some 60 per cent to 75 per cent fail to gradu- 
ate it seems reasonable to conclude that many of those who do not 
graduate lack qualities which can be discovered by modern evalu- 
ations of high school records and test scores. 

By careful guidance it is possible to advise a boy or girl toward 
educational and occupational objectives for which they are adapted 
by taste, scholastic evidence and interview. There are manipula- 
tive and operative skills in the field of production as well as those 
of a more analytical type such as design. All fields of interest and 
experience should be explored in order that the proper type of 
schooling or training may be presented for consideration. If this 
method were more generally followed, preparation for war or peace 
work might be expedited because shorter courses than two years or 
four years in college are adequate for many lines of endeavor. 


* Presented at the 50th annual meeting, 8S. P. E. E. (Personal Deveiop- 
ment), New York City, June 27-29, 1942. 
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Waste time and lost effort will be reduced by more careful 
selection of those admitted to engineering schools. The expense to 
society and to the individual will both be reduced if placement in 
college is made more effective. The trade school and the technical 
institute must bear their proportional part of the burden in pre- 
paring students to take that place in industry where they can serve 
best and from which they stand the best chance of rising to positions 
for which they are best fitted. 

The question of whether an engineering curriculum provides the 
best preparation for war or for peace does not enter yet. In the 
majority of cases, the requirement for admission is a high school 
diploma. Where the diploma is supplemented by a rating of the 
high school, by requiring scholastic achievement above the minimum 
or by tests, the results in general show a higher percentage of 
graduates. 

In only relatively few institutions are the economic and social 
interests of the student given an appraisal. His future depends 
on interests, abilities and personality which receive little consider- 
ation in the process of admission. 

It is difficult to estimate the value which accrues to one who 
attempts to adjust himself to a career for which he is not fitted. 
Much more of value to the individual results from application to 
a course of study or a job in which there is interest, aptitude and 
ambition. A feeling of fitness and that there are future opportuni- 
ties constitute incentives which may make the difference between 
failure where one feels at a loss and success where one feels that 
they have found themselves, however vague those feelings may be. 

Under war conditions there should be flexibility of curricula so 
that the student may adjust himself to conditions not otherwise easy 
for him to master. A degree of elasticity in curricula and of adap- 
tability by the student might solve certain problem cases which now 
lead to withdrawal or failure. There are many such students who 
will serve well after a more or less extended engineering education 
and they are needed at present. 

What value does a sense of economic well-being have? Those 
who feel that they are equipped to be engineers have a degree of 
economic security that compares favorably with other professions. 
Wages and opportunities attract applicants. Poor risks are as 
sensitive to good prospects as are those best fitted for engineering. 


Trsts oF ELiamiuity ror COLLEGE 


There are dependable tests of scholastic preparation designed to 
show fitness, or lack of it, to pursue a college or university course 
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of undergraduate study. These are tests of essential knowledge 
and attitude acquired at home, in high school, by reading and ele- 
mentary experience. 

The results of such scholastic Aptitude Tests have been corre- 
lated with college grades received afterwards and the results are 
valuable. 

There are also tests of various skills and aptitudes which yield 
reliable results. They are being employed by industry, in deter- 
mining the best job for an applicant. 

Institutions which have made a study of the high and prepara- 
tory schools from which they draw students have found it mutually 
valuable. It will improve the prediction of success if secondary 
schools are rated according to the percentage of their students of 
given scholastic average grade who graduate from college. The 
variation in the quality of preparation makes such a rating plan 
desirable if justice is done those who are better prepared. 

Tests may be required of those whose average grade in high 
school is low. Those not prepared to pursue a college career should 
be refused admission as a matter of simple justice to those who are 
better prepared. 

An institution can improve its admission practice by counseling 
those students who seem to be lacking in preparation or personality. 
No formula for admission is entirely adequate because conditions 
vary from one institution to another and from one high school to 
another. The individuality of the applicant should also be recog- 
nized. An interview by an understanding teacher with an appli- 
cant of doubtful fitness can serve to inform the applicant, change 
his purpose or assure him that he has the desired inventory of 
abilities. Some can be warned of the problems which they face be- 
cause they appear to lack qualities which are considered neces- 
sary. Human contact furnishes an incentive to those of certain 
temperaments. 

In a pamphlet entitled ‘‘ Engineers are Needed’’ which has been 
published by the U. S. Office of Education and has the approval of 
the War Production Board, there are suggested steps in giving 
sound occupational advice to those who are considering engineer- 
ing as a career. There are references to guidance material, a num- 
ber of different types of tests are described and their use is sug- 
gested. At the end is a personality record, a skeleton interest test 
and a very complete copy of the student’s high school record. These 
are aids to counseling the student concerning participation in an 
engineering education. It is evidence that the high schools should 
be advised to counsel concerning the fitness of students for various 
fields of usefulness. 








534 RECRUITING ENGINEERS 


PREDICTIONS 


An institution which weighs all the information in its posses- 
sion concerning an applicant may discover how effective its selec- 
tion is by making a prediction of relative success or failure of those 
admitted. Such a procedure helps the admission office to discover 
factors not previously uncovered. 

Those few institutions which have made such predictions have 
improved the percentage of those graduating. Numerous factors 
have probably contributed to the improvement. Whatever the 
causes may be, it is a contribution to the war effort to select those 
who will stand the best chance of equipping themselves for effec- 
tive service. Those who will not succeed ought not to be encouraged 
to study engineering or any other field requiring a capital invest- 
ment in their education unless there is a fair prospect of return. 

We have depended too much on Providence to provide Divine 
Guidance, which we have failed to supply. 


DIFFERENTIAL TESTS 


During the past fall a battery of tests was given to about 2000 
entering students of arts and engineering. The purpose was to 
give further study to the problem of selection. Do students at that 
time in their growth show differences in ambition, aptitude and 
preparation which can be evaluated? Can qualities be measured 
which show an inclination toward arts or toward science and engi- 
neering? If there is a differentiation of talents which is justfied 
by subsequent achievement, there is a valuable aid to counseling. 
Dr. Bartlett will describe the study which he has made with the 
cooperation of engineering and arts institutions and also of high 
schools in New Jersey. This study was made possible by Presi- 
dent A. R. Cullimore of Newark College of Engineering who loaned 
us Dr. Bartlett to conduct this investigation. The results are dis- 


tinctly promising. 











GUIDANCE AND PLACEMENT OF ENGINEERING 
STUDENTS * 


By RUSSELL 8. BARTLETT 
Headmaster, The Gunnery School, Washington, Conn.t 


As a boy approaches graduation from high school, there are two 
questions for which he must find the answer: 

1. For what area of study and employment am I best fitted? 

2. At what level of study will I derive the greatest profit? 

Both of these questions have been neglected by the colleges. 
Often the answer is sought to another question, but in a passive 
rather than in a positive sense: ‘‘Is this applicant fit to enter our 
institution?’’ Either we permit him to enter the institution or 
we tell him he cannot enter, usually without offering any useful 
suggestion as to what he should do. If an applicant is admitted 
he may be attempting to make of himself a mediocre engineer out 
of a brilliant prospect for some other area of study. On the other 
hand, there may be boys entering arts colleges, who will be moder- 
ately successful there but would be brilliant engineers. Better, 
certainly, is some measure of positive guidance which, considering 
the boy, the job, and the demand, will each give a push in the right 
direction. Certainly we can do a better job in guidance when we 
know more about the boy. It may then be necessary to say to him: 
‘*You lack the highest qualifications for the field of technology; 
probably in other times you would be well advised to study jour- 
nalism or business administration ; to-day, with the great demand 
for men with technical training, your best opportunity and greatest 
service lie that way.’’ Clearly our responsibility reaches beyond 
the mere acceptance or rejection of the applicant. 

After the boy is properly guided into the field of technology, 
there is the question of level. Has he the needed equipment to 
succeed in professional engineering? Should he attempt a sub- 
professional career, starting through a technical institute? Are 
his qualifications such that he will achieve the greatest success 
through training in a trade school? These questions are -related ; 
yet the means of seeking the answers are quite distinct. 

* Presented at the 50th annual meeting, 8S. P. E. E. (Personal Develop- 


ment), New York City, June 27-29, 1942. 
t Study made at Newark College of Engineering. 
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FINDING THE AREA OF Most EFFECTIVE Stupy 


Though our ultimate aim is to discover the area of most effec- 
tive employment for each individual, because of the difficulty of 
finding suitable criteria of effective employment it is probably 
best at the start to attempt to discover the curriculum in which 
the boy will achieve the greatest success. There is the added ad- 
vantage that the time lapse is not so great, particularly if we start 
by using success in the freshman year as our criterion. One must 
recognize that freshman grades may not be highly indicative of 
later success. Against that weakness must be balanced the weak- 
ness of unreliability of grades after the students have started 
specialization. We cannot be sure that a certain Grade Point 
Average in Chemical Engineering is equivalent to the same aver- 
age in some other curriculum. In some cases we are very sure 
that they do not indicate the same academic success, because the 
competition is keener in one group than in another. Further- 
more, there is reason to believe that the requirements for success 
are different in different fields of engineering. Later, it may be 
possible to establish separate criteria and make independent stud- 
ies for different branches of engineering, though the numbers 
would be small except for our largest institutions. Thus, for any 
reliable conclusions it would be necessary to include a number of 
classes, extending the time required and introducing an error due 
to progressive changes in methods and standards. To begin with, 
then, we seek methods of predicting success in the freshman year, 
and of predicting that field in which the greatest success may be 
achieved. 

When the idea of a test of scholastic aptitude was first ac- 
cepted, there was little or no attempt at differentiation. There 
was one general aptitude, measured largely in terms of command 
of the English language. Later investigation soon showed that 
this general aptitude was a composite of many parts, and that dif- 
ferent persons possessed these competent aptitudes in varying 
degrees. Thurstone has succeeded in isolating a number of such 
components, possibly as many as ten or a dozen. His researches, 
however, concerned themselves solely with testing materials and 
the intercorrelations obtained with an experimental test group. 
From these studies arose the Thurstone Test of Primary Mental 
Abilities. Studies are continuing with this test, but at present 
it does not seem to be the most promising for our purposes, in 
that little attempt has been made so far to relate these primary 
aptitudes to areas of further study and employment. Once we 
have accepted the principles of individual differences, we look 
around for means of evaluating the mental equipment of each 
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student, seeking to discover his regions of strength and of weak- 
ness. Scrutiny of his scholastic performance in high sehool, with 
special attention to contrasting achievement in different subjects, 
is a natural first step, but one which proves relatively unfruitful. 
Of course, if a student has shown consistently superior work in 
mathematics he should continue in a field in which it is employed. 
More common is an erratic record in that a boy may do better 
work in mathematics in one year, better work in English or his- 
tory during another. The boy or girl is growing, and is subject 
to change. Further, motivation may vary from year to year and 
from subject to subject. Add to this confusion the fact that 
schools differ widely in emphasis on different studies and in 
standards maintained, and one is forced to the conclusion that 
comparative performance in different fields in school is at best a 
crude indicator of comparative performance in college. 

Use of standard tests of achievement certainly adds definiteness 
to the picture rendered by academic performance. Yet even if 
this record were perfect in reliability, it would still fail to give a 
complete picture. Too many areas of study are not touched at 
all in school or are dealt with so lightly that a grade is not a fair 
index of ability. Furthermore, academic success and performance 
on achievement tests is dependent upon the quality of the teach- 
ing. A set of records will tell what a variety of students have 
done, under a variety of conditions; this may be but little related 
to what they will do when working under identical conditions for 
all. 

Certainly there is need for a measure of academic aptitude in 
many areas of study. By academic aptitude we mean the readiness 
to profit from further study; this is undoubtedly related to suc- 
cess in past study, but is not coextensive with it. Tests of aca- 
demic or scholastic aptitude, general or specific, help to show 
whether a student has that quality of mind which is necessary for 
academic success, either in general or in specialized areas. 


THe YALE Battery or TESTS OF DIFFERENTIAL ACADEMIC 
APTITUDE 


Starting over ten years ago, Dr. Albert Beecher Crawford, of 
the Department of Personnel Study of Yale University, has de- 
veloped a series of tests of academic aptitude in different areas 
of study and employmznt. Many others have contributed to the 
development of the battery. After mention of the work of the 
Carnegie Corporation and the College Entrance Examination 
Board, the indebtedness to others may best be expressed in a 
recognition of the happy situation that exists among most makers 
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of tests whereby materials are freely loaned, provided only that 
acknowledgment is made. Thus, though the Yale experiment has 
been of limited duration and scope, experiences of many others 
in restricted areas of testing have made their contribution to the 
development of this Yale Battery. Tests of Scholastic Aptitude 
or Verbal Comprehension, of Artificial Language, and of Space 
Perception or Visualization have long been accepted as standard 
and reliable indices of aptitude. Springing from a trial with a 
few tests, a full battery came into being in 1936, consisting of six 
tests, whose titles, together with their nearest modern counterparts, 
are shown below: 


1936 Title 1941 Title and Number 
Verbal Comprehension Verbal Comprehension I 
Artificial Language Artificial Language II 
Scientific Aptitude Verbal Reasoning III 
Scientific Originality Quantitative Reasoning IV 

Mathematical Aptitude V 
Spatial Relations Spatial Visualizing VI 
Mechanical Aptitude Mechanical Aptitude VII 


Analysis of results for the tests as a whole and for individual 
items have brought about a gradual refinement, with the elimina- 
tion of unsatisfactory sections or items. Each test has consisted of 
a number of parts, and there has been some shifting of these parts. 
One section of Test IV (Quantitative Reasoning) formerly was in 
Test V (Mathematical Aptitude). The tests were first used with 
test groups of students at Yale, and with whole classes (10th, 11th, 
and 12th grades) at a number of secondary schools, mostly pri- 
vate and mostly in the East. Lately the tests have been given to 
all entering freshmen at Yale. A few of the tests have had slightly 
different forms for the school and college populations. From a 
scrutiny of results this test battery appeared to offer greatest prom- 
ise of assistance in the solution of our problems. Accordingly a 
trial of the tests in a wider field was planned. With the advice of 
Dr. Crawford, six tests of the battery were selected as likely to 
afford good differentiation between aptitudes for several areas of 
study. Test III was omitted, since it offered little differentiation, 
though an excellent test of general academic aptitude. A number 
of institutions were invited to participate in a testing program. 
Because of the desirability of securing test results from non-engi- 
neering as well as engineering students, invitations were extended 
only to institutions including both types. Tests were given to 
almost two thousand freshmen, during October and November, at 
the University of Florida, the University of Missouri, Northwest- 
ern University, Pasadena Junior College, the University of Ten- 
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nessee, and the University of Texas. These institutions admin- 
istered a battery of five * or six tests to their incoming freshmen, 
and returned the materials to us for scoring, reporting, and 
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Fie. 1. Distributions of scores of various groups of students, Yale Dif- 
ferential Aptitude Tests. A, B, C, D, E, G, are groups of engineering stu- 
dents. F is a mixed group, strongly liberal arts and science. H and K are 
non-engineering students, to be paired with C and HZ. Each bar shows scale 
seore for percentiles 90, 75, 50, 25, 10, in its group. 


analysis. Since the tests had already been given in September to 
all Yale freshmen, we have available for study a varied and sizable 
test group. In Fig. 1 are shown the distribution of scores of these 


* At some institutions a standard test of verbal aptitude already a part 
of the testing program, was substituted for Test I of the Yale Battery. 
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institutions on this test battery. Fig. 2* shows in contrast, the 
scores achieved by comparable groups of engineering and non-engi- 
neering students, showing, first, the general characteristics of the 
two types, and secondly, variations on these general characteristics 
due to local conditions. Clearly engineering students are superior 
in those qualities measured by the higher numbered tests, non-engi- 
neering students inferior in these areas. The lines drawn solid for 
one institution dashed for the other, indicate scores achieved at 
percentiles 90, 75, 50, 25, 10, for the several tests. 

Subsequently a group of high schools in and around Newark, 
New Jersey, was invited to administer the tests to bona fide college 
aspirants among their students, preferably in the eleventh grade. 
Participating were about 1,000 students in the Barringer, Central, 
East Side, South Side, and Weequahiec high schools in Newark, 
together with Columbia High School in South Orange-Maplewood, 
and the high schools in East Orange, Montclair, Plainfield and 
Summit, and Newark Academy, a private secondary school. Dis- 
tribution of scores achieved by these groups are shown in Figure 3. 
The tests are the same as those in the college testing program, 
with one exception, a test in mathematical aptitude, which depended 
too much upon current studies to permit the same test to be used 
in both groups. Evidence that the tests are measures of aptitude 
is found in the comparable range of scores of the two groups, col- 
lege and school, in most cases two years apart in academic age. In 
one test the school boys and girls achieved better results than the 
college students. For each group a scaled score was established 
on each test, with a mean value of 50 and a standard deviation of 
10, thus making possible a direct comparison of scores for several 
tests with widely varying maxima or averages in raw scores. The 
seales were established independently for the college and for the 
school groups. Thus, comparisons cannot be made between the 
figures and diagrams presented for the two groups, where these 
are in terms of sealed scores. For the school group, in addition 
to the variations in different areas, the results for school H are 
interesting, since this is a technical high school. 


Resuuts or Past TRIALS OF THE YALE Test BATTERY 


Follow up studies have been made of the subsequent academic 
careers of boys who took this test battery some years ago. No very 


*In Fig. 2 the solid lines indicate scores on the several tests, at the 90th, 
75th, 50th, 25th, and 10th percentiles, above for engineering freshmen, below for 
non-engineering, at a certain university. The dashed lines present similar infor- 
mation for another university. Thus it is possible to study general differences 
between engineering and non-engineering students, as well as the local char- 
acteristics of either group. 
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high correlations were found with later grades in particular courses, 
though some highly significant differences were noted. Thus, for 
a certain group one test was found to correlate about 0.60 with 
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Fie. 3. Distribution of scores for high schools, Yale Differential Aptitude 
Tests. Each bar shows scale score percentiles 90, 75, 50, 25, 10, in one 
school. 


a related subject, less than 0.20 with grades in an unrelated sub- 
ject. Considerable difficulty was experienced at first in establish- 
lishing the validity, whether good or bad, apparently because of 
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differing standards in the participating schools. Recently it has 
been possible to follow up, to a limited extent, the performance 
in college of boys taking the tests in school. Difficulty was experi- 
enced here, however, because of the small group in any one course 
at any one college. Furthermore, a process of self-selection led 
to an extremely limited range of test scores for correlation with 
grades in certain courses. For example, in freshman mathematics 
very few are found with test scores below 50 in related tests. 

The question naturally rises, ‘‘If a test score obtained at matric- 
ulation in college is indicative of later success, will the test scores 
have similar significance, when obtained two years earlier at the 
eleventh grade level?’’ Or, ‘‘ Will results which are good pre- 
dictors of success at the twelfth grade also indicate the nature of 
success in college?’’ A complete answer to these questions is not 
possible at present. Certainly boys change and grow. External 
conditions and motivations are bound to have a marked effect. 
Yet there remains some positive evidence of the persistence of dif- 
ferential aptitudes. A group of boys took the test of verbal com- 
prehension in two successive years. The correlations obtained, 
about 0.825, is considerably better than the correlation between 
grades in successive years of study of English. A lower corre- 
lation was found, 0.675, between successive attempts at the spatiai 
relations test, but this was shown to be due, in part at least, to 
the study of plane geometry in the intervening year by some of 
the students. Studies are now in progress, relating test perform- 
ance in school to performance in later years in school and college, 
which will answer; partially, the questions above. 

Correlations between individual test scores and performance 
in particular subjects, or in all subjects, fail to give a complete 
picture. The pattern of performance on all tests carries a clearer 
message. Reference has already been made to Fig. 2, which shows 
characteristic patterns of engineering and non-engineering groups. 
This depends for its value upon the soundness of the students’ 
choice of a curriculum. It will be at least a year or two before 
we can tell how wisely that choice was made. Fortunately, Dr. 
Crawford has made available figures which bear on this point. He 
has examined the scores obtained on the Yale Tests at the time of 
matriculation, of students who later achieved distinct success dur- 
ing three years of study. Contrasted with these scores are those 
obtained by the group whose achievement was the lowest. In Fig. 
4 are plotted the test scores of the top and bottom quarters in the 
Yale School of Engineering, the Sheffield Scientific School, and 
Yale College (of Liberal Arts). The bottom quarter includes those 
who have failed and dropped out up to this point, with enough of 
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the lowest grades still remaining to make up one quarter of the 
total enrollment. | 

Though certain facts are self-evident from the figures, a few 
points deserve special comment. The test in Verbal Comprehen- 
sion, Number I, is highly discriminating for all groups, and, curi- 
ously enough, Test II, Artificial Language, is almost equally valid 
in distinguishing good from poor students regardless of their cur- 
ricula. It is highly significant that the lowest quarter students in 
Yale College do almost as well as the top quarter on the higher 
numbered tests. Evidently ability in mathematics and a spatial 
and mechanical sense is of little importance in this liberal arts 
college, and it may be further deduced that the tests offer fair 
measures of those attributes. All seven tests are discriminating 
for engineers, though it is evidently possible for students to succeed 
in engineering studies with only moderate facility in English. 
Apparently aptitudes measured by the higher numbered tests are 
slightly more important. Very probably, a more detailed study’ 
is required to show what happens to students in engineering who 
are significantly low in certain traits. 


PLACEMENT WITH THE FIELD or TECHNOLOGY 


The problem of guiding the boy into the most suitable branch 
of engineering, civil, mechanical, etc., is almost exclusively a local 
problem, conditioned by the requirements and opportunities pecu- 
liar to each institution and to each locality. It is impossible to 
deal with that problem in a general discussion. It may not be 
amiss, however, to urge upon each engineering school a study of 
its own methods of guidance and an attempt at evaluating their 
success. In particular, there would be a real gain if the admis- 
sions or placement officer would risk making a prediction with re- 
gard to each candidate, and studying the results, particularly those 
cases where the prediction proved wrong. 

Let us suppose that a boy has been tested. His high school 
record has been evaluated. It is concluded that he should enter 
the field of technology. At what level, or better, at what type of 
institution should he apply for admission? Prognostic tests of 
aptitude, such as those discussed, offer real aid in answering these 
questions. A boy with superior mechanical ability and spatial 
sense, but weak in mathematics, should seek his further education 
in a trade school or technical institute. One who is weak in aca- 
demic subjects in high school, but has excelled in shop courses and 
commercial-mechanical subjects should follow the same advice. 
Doubtless the college registrar is prepared to give such advice to 
boys who are rejected, and will even suggest to others that though 
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he is ready to give them a trial if they insist they would probably 
be better served elsewhere. Still, the chief concern of the admissions 
officer is the simpler question of acceptance or rejection. At the 
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present state of guidance and measurement techniques, that ques- 
tion should receive a major part of our attention. 

Records have been made available at the Newark College of 
Engineering. From preliminary studies of last year, a data card 
was prepared and sent to four engineering schools, for the as- 
sembly of data bearing on the admission of the student and his 
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subsequent academic success. The results were late in coming in, 
so that complete studies have not been possible. Yet certain con- 
clusions can be drawn. First, it must be emphasized again that 
local conditions are important. For a college drawing boys from 
a small number of schools, particularly if the schools themselves 
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Fic. 6. Prediction-performance for freshman year, 1940-1941, in deciles 
of the class. Prediction based on record in high school, adjusted for perform- 
ance of students in previous years. 


A, not adjusted; B, adjusted; for all schools providing data 
sufficient for adjustment. 
C, D, not adjusted; C, prediction in top half. 
D, prediction in bottom half. 
E, F, adjusted ; E, prediction in top half. 


F, prediction in bottom half. 
G, H, no adjustment possible; G, prediction in top half. 
H, prediction in bottom half. 


are rated on past performance, the high school record is one of the 
best indices of college success. Where boys come from many 
schools, of differing standards, more reliance must be placed on 
test results. Invariably a combination of test results and school 
records is better than either one alone. 
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Studies were made of records for a college drawing from a 
limited number of schools. In figure 5 will be found plotted the 
difference between prediction and performance (prediction based 
on high school records), when all schools are treated alike, and 
when corrections are applied, based on the performance of boys 
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Fig. 7. Rating of high schools. 


from each school having a substantial number. Since records were 
available for a two-year period only, many schools did not sup- 
ply enough students to justify a correction.* Figure 6 shows the 
results when the correction factors from the past two years are 
carried forward and applied to give a prediction for the class 
completing its freshman year last June. The prediction is not 


*In Figure 7, each line indicates, for one school, the expected relation 
between school rank and college rank. Though most of the lines converge 
toward the top, as might be expected, for one school it appeared, strangely, 
that a boy might be expected to rank in the eighth decile from the top, in 
college, regardless of his performance in school. 
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quite so satisfactory, nor is the improvement so marked, from the 
correction. The trouble lies to a considerable extent in a marked 
shift in population, more boys coming from schools which were 
rated on meager evidence or which were not rated for lack of evi- 
dence. There is every indication that a substantial improvement 
in reliability of prediction is obtained when these corrections are 
applied. Also, the practice of making the prediction puts the 
predictor on his mettle. 

Another interesting point arose in this attempted prediction. 
A number of boys were admitted for whom failure could be pre- 
dicted as a virtual certainty. (Of 26 placed by prediction in the 


TABLE I 


CoRRELATIONS OF ENTRANCE CRITERIA WITH COLLEGE PERFORMANCE 




















A B B ¢ 
41 | 42 | 41 | 42 | 41 | 42 | 43 | 44) 45 | 41 | 42 
H. 8. Rank 12) .46) .48} .39} .45)}(.61| .54| .62) .29).37)|* 
ACE Psych. 22} .35| .25| .44| .41) .46) .55) .41/ .36] .17| .53) .46 
L-Score 23} .28] .22 .42) .40 
—— 24| .30) .16 47| Al 
nglish Ex. 27| .47| .35) .48] .44| .34] .46) .42) .40) .40) .53) .43 
Math Exam. 29 .69) .64) .48] .65} .54/ .29) .30) .54) .43 
Chem Exam. 33 .57| .56) .58] .59) .55) .55) .54) .53) .30 
Local Exam. 35} .35 .57| .44 
36 50} .43 
37 51} .50 
38 32} .30 
Fr. 1 Sem. 41 85 .80) .55) .60) .65 88 
2 Sem. 42 -51} .56} .63 
Soph. 43 69} .80 
Junior 44 84 









































* The group of figures in parentheses are highly unreliable, perhaps should 
not be included. 


lowest fifth of the class, 20 achieved that distinction during fresh- 
man year.) Inquiry showed that many of these boys were ad- 
mitted, despite low scholastic record, because of evidence of good 
citizenship or other desirable personal qualities, probably as a 
result of an interview. Here is a difficult problem. Granting the 
importance of considerations of personality in the making of an 
engineer, there is an obvious miscarriage if a boy is admitted to 
engineering school because of those qualities, and flunked out be- 
cause of academic shortcomings that were apparent from the be- 
ginning. 

Unfortunately this school is one which administers tests at ad- 
mission to doubtful candidates only. As a result it is almost im- 
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possible to evaluate the usefulness of the tests as predictors, since 
the population taking them is small and of highly restricted range. 

An interesting contrast is afforded by the correlations presented 
in Table I. Various admissions and entrance criteria are listed 
at the side, and the correlations are given with first and second 
semester averages for the freshman year, for two institutions, B, 
an endowed university drawing students from an extensive region ; 
A, a state college with a more limited range, and the inevitable 
concomitant, more uniformity in high school standards. 

College performance is measured in terms of grade point aver- 
age or equivalent measure of success in all studies: 41, First Semes- 
ter, Freshman Year; 42, Second Semester, Freshman Year; 43, 
Sophomore Year; 44, Junior Year; 45, Senior Year. 

A, B, C, class of 1944 in engineering at three institutions. B’, 
class of 1941 at same college as B. 

The contrast is quite striking. For A the high school rank is 
the best predicator of academic success during the freshman year, 
though no prediction is good. The use of one or more of the 
test results, in a multiple regression equation or in an estimated 
weighted average, would certainly lead to improved prediction, 
though it would never be very good. Unfortunately in both of 
these cases records have not been obtained for several consecu- 
tive years, so that the rating of the schools is not possible. Curi- 
ously, the results for B indicate that almost any test is better than 
the high school rank. This is not too surprising, when one con- 
siders that the boys came from a very great spread of schools. 
Furthermore high school rank was given in deciles only, with stu- 
dents coming from but four of these, more than two fifths from 
the highest. Here too there is clear evidence that a combination 
of test scores and high school rank would yield an improved pre- 
diction, though the intercorrelations between the tests are so high 
that not much would be gained by including more than one test 
with the high school record. 

High school records of scholastic achievement gain added re- 
liability from the fact that they represent a composite of ability 
and effort.. Their weakness, not corrected entirely by the practice 
of rating the high schools on past performance, is the diversity of 
standards and requirements among different schools. Universal 
objective tests, particularly achievement tests, offset this weakness 
but introduce another springing from the divergence in the qual- 
ity of instruction in different schools. A boy with a fine men- 
tality may do badly on a test because he has been poorly taught, 
or because he has not been extended by his teachers or his competi- 
tors. Tests of the aptitude type can complement these, in that they 
give a measure of intellectual capacity more independent of the 
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quality of instruction and competition. Im a sense they are for- 
ward looking, where the others look backward, and gain their value 
as past performance indicates future prospects. Unfortunately 
there is available at present no extensive study involving tests of 
these two types with good school records to yield a combined pre- 
diction, though there are a few isolated examples.* The scho- 
lastic aptitude test of the College Entrance Examination Board, 
together with a number of mathematics tests, has proved useful 
for institutions using them. Predictions at Yale, on such a basis, 
using Scholastic and Mathematical Aptitude, College Board sub- 
ject matter exams, and adjusted high school rank, correlated as 
high as 0.75 with freshman averages, between 0.5 and 0.6 with 
performance in restricted areas. 

Results at Harvard are similar. Most important is the con- 
clusion that, though certain general suggestions can be made, each 
institution has its own peculiar problems, which can be solved 
best by a study of its own records, implemented by the use of such 
standard tests of achievement and aptitude as seem to fit best the 
local conditions.t 

This report should not close without acknowledgment of the 
contribution of President Cullimore, of the Newark College of Engi- 
neering, who made possible the survey, provided clerical and other 
assistance as well as financial support, and was ever ready to give 
a sympathetic ear to suggestions; and of the contributions of Dean 
R. L. Sackett, who guided and advised without restricting freedom 
of action; and finally of the assistance and advice of many at the 
Newark College of Engineering, notably Mr. Edward W. Rice, who 
managed much of the detail work of the survey and contributed 
lavishly of his time, energy, and ideas. 

* The American Council on Education Psychological Examination, though 
widely used, scarcely fills the need for a predictor for engineering schools. 

t See the report of the Committee on Student Selection and Guidance, 
JOURNAL OF ENGINEERING EpucaTION, November 1941. On page 238 will be 
found a list of testing agencies. Earlier pages discuss briefly some of the 
tests there listed. 








PERSONAL DEVELOPMENT—TEN YEARS AFTER * 


By J. E. WALTERS 


Vice President, Revere Copper and Brass Incorporated 


In a democracy personal development is a personal matter of 
free choice. A person can develop as he sees fit or as he is fit. 
Everyone may vary in ability, but unless each takes the responsi- 
bility of developing himself, he is free to waste himself and his 
abilities away. Similarly, this is true with the engineer ten years 
after graduation. In normal times, ten years after finishing school 
the average engineer is making about $3000,+ has a home on which 
he is paying installments, has a wife, two children, a dog, has fairly 
steady work and is reasonably happy. However, he is on a plateau 
of accomplishment and does not have very much ambition to im- 
prove himself or to enter into the social and political life of the 
community. He can’t understand why the labor union in his 
plant doesn’t like the labor-saving device he has invented, and why 
the president of his company wants him to leave his nice new 
little home to attend conferences on engineering, to participate in 
the activities of his professional society, and to learn about the new 
things that are going on. The boss wants him to develop himself 
so that he can design the new mill that is under consideration, in- 
stead of working out the run-of-the-mill small designs. 

In discussing this with a number of executives recently, they 
all agreed that the average engineer arrives at a plateau of learn- 
ing and ambition about ten years after graduation, and that it is 
difficult to spur his ambition to greater accomplishment. 

Although it may not be as bad as these executives contend, 
there is some truth in the fact that most engineers do not develop 
themselves personally after graduation as they could or should. 
Was it their college education in engineering? Perhaps the last 
depression had something to do with it. The companies who em- 
ploy them may not be entirely without fault. But what can be 
done about it for the future? 


* Presented at the 50th annual meeting, S. P. E. E. (Personal Develop- 
ment), New York City, June 27-29, 1942. 

t See results of study by Dr. W. 8S. Learned, ‘‘The Wages of Scholar- 
ship,’’? Thirty-sizth Annual Report, Carnegie Foundation for the Advancement 
of Teaching, 1940-1941, and appended study of Purdue University graduates 
ten to fifteen years after graduation. 
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We shall need better engineers for television than for radio, 
better ones for airplanes than for the railroads or automobiles, 
for magnesium than for steel or aluminum, and so on for the various 
new products and developments to come. These future engineers 
must also be more socially minded in the future than they have 
been in the past. They must be technical as well as sociological or 
psychological engineers. Yet, the better engineers of today say 
the young engineers should have more technology, and the soci- 
ologists and psychologists of liberal arts contend that these young 
engineers need more sociology, psychology, and business training 
than previously. What shall we do about it? Perhaps both are 
right for normal times. During the war when we apparently do 
not need so much culture, the cultural subjects in the engineering 
curriculum are being eliminated. But at the close of the war, why 
not give the engineer a liberal education of personal development, 
ambition, and culture first, and then his strictly technical educa- 
tion? In this manner, the liberal-arts colleges would be satisfied 
and so would the technical universities. Perhaps, we would have 
better engineers who would be able to go beyond the plateaus of 
ten years after graduation and be outstanding engineering leaders 
which the future will need. Now, we must and will win the war, 
but in the future we must have bigger and better engineers—better 
personally, socially, and technically. 
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Stratus or PurDuE UNIvErRsITy ALUMNI CuLAssEs 1922-27, TEN 
Years AFTER GRADUATION (ApriL 1, 1938) 
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SALARIES (APRIL |, 1938) 


Fig. 1 presents the median, quartile, maximum, and minimum salaries of 
Purdue University graduates (classes of 1922 to 1927 inclusive) according to 
information returned in 1938. 
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FIGURE 6 
COMPARISON OF HIGHEST AND LOWEST QUARTERS IN SALARY 
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Fig. 2 presents the relationship between the highest and lowest quarters in 


salaries and personnel factors of Purdue University graduates (classes of 1922 
to 1927 inclusive) as reported ten to fifteen years after graduation in 1938. 
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Fig. 3 presents the percentages of Purdue University graduates (classes of 
1922 to 1927 inclusive) who, in 1938, were in work which was the same, closely, 
slightly, or not at all related to the course taken at the University. 





SAME CLOSELY SLIGHTLY 
PRESENT MEDIAN SALARY FOR EAGH SCHOOL UNDER EACH 
RELATIONSHIP OF OCCUPATION WITH EDUCATION 


Fig. 4 presents the salaries of Purdue University graduates (classes 1922 
to 1927 inclusive) according to the relationship of work in 1938 to courses 


taken at the University. 
PurRDUE UNIVERSITY ALUMNI—CLASSES 1922-27 
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Purpvur Univmrsiry ALUMNI—CLASSsES 1922-27 
Percentage Employment in Various Classifications of Work 
































Me- Elec- — hemi- Median 
—_ tricals Civils * om Total 
1. Accounting and Financing 4.5%) 4.3%) 45% 1.9%] 4.1%|$3042 
2. Administration 21.0 | 16.6 | 11.4 11.5 16.0 4156 
3. Sales and Sales Promotion 25.5 |17.0 |10.0 {14.4 |17.6 | 3780 
4. Design 7.5 8.5 | 10.0 1.0 7.6 | 3097 
5. Construction and Maintenance} 3.5 7.7 | 36.7 1.9 | 13.0 | 2972 
6. Production and Operation 16.0 | 20.4 4.3 |25.0 | 15.4 | 3681 
7. Research and Development 8.5 | 10.2 1.9 {31.7 |10.3 | 3487 
8. Farming and Farm Owners 0.4 0.8 0.0 0.0 0.4 
9. Field Workers 1.1 2.6 | 11.4 1.0 4.2 | 2944 
10. Private Enterprise 3.3 5.1 6.2 1.0 4.3 | 6125 
11. Teaching, Library, and Literary| 5.7 3.4 3.3 7.7 4.7 | 2750 
12. Medical, Hospital, Pharmacy 0.4 0.0 0.0 0.0 0.1 
13. Relief | 0.4 0.0 0.0 0.0 0.1 
14. Graduate Students 0.0 0.4 0.0 0.0 0.1 
15. Miscellaneous 2.2 3.0 0.5 2.9 2.1 | 2800 





Table 1 presents salary and personnel information of Purdue University 
graduates (classes of 1922 to 1927 inclusive) returned in 1938, ten to fifteen 
years after graduation. The above table gives the percentages employed and 
the median salary in each functional classification. 
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COLLEGE NOTES 


Clemson College.—The war effort has played an important part 
in the activities of the engineering staff during the past year. 
Numerous special courses have been taught in various fields and 
research of interest to government agencies has been carried on. 
Engineering, Science, and Management War Training courses have 
been given in Engineering Drafting locally and in four other cities; 
in Fundamentals of Radio locally and in five other cities; in Sur- 
veying and Mapping; in Safety Engineering in six cities. Engi- 
neering Defense Training courses have been given in Building 
Construction, Construction Methods, Structural Design, Reinforced 
Concrete, and Advanced Structural Design. In National Defense 
courses, several sections of Welding and Machine Shop have been 
taught locally both to men and women. Civilian Pilot Training 
programs have been fully carried out both in the part time and full 
time phases’in elementary and secondary work. Pioneering re- 
search is in the progress in the use of bamboo as reinforcement for 
concrete with funds contributed by outside agencies and by the 
Kress foundation. 

The engineering staff has lost several men to the armed services. 
W. M. Wachter, Instructor in Mechanics and Hydraulics, was 
called to active duty as second lieutenant in the Corps of Engineers. 
E. B. Therkelsen, Instructor in Electrical Engineering, was taken 
into the Signal Corps on his reserve first lieutenant’s commission. 
Both these men had been deferred for more than a year. D. W. 
Bradbury, Instructor in Drawing, was called to Infantry and made 
Motor Maintenance Officer in the Armed Forces. A. M. Quattle- 
baum, Assistant Professor of Civil Engineering, took up his reserve 
commission as first lieutenant in Infantry and is assigned to in- 
vasion barge duty. H. M. Wiss, Instructor in Architecture, was 
taken in the draft. R. M. Anderson, Associate Professor of 
Architecture, has recently been commissioned Lieutenant in the 
Naval reserve. 

Filling the vacancies caused by these are: F. R. Sweeny, In- 
structor in Mechanics and Hydraulics; J. R. Keeling, Instructor in 
Electrical Engineering; C. M. McHugh, Instructor in Drawing; 
C. C. Norman, Instructor in Civil Engineering; J. W. Linley, 
Instructure in Architecture. No appointment for Prof. Anderson’s 
place has yet been made. Additional appointments are F. W. 
Sheldon, Instructor in Drawing and M. C. Moseley, Instructor in 
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Electrical Engineering. D.N. Harris, Assistant Professor of Engi- 
neering Drawing, has been forced by ill health to take a year’s 
leave. 

A unit of the Signal Corps was installed as a regular part of the 
ROTC, filling a long standing need for special military training 
along engineering lines. 

The college has contracted with the Government to furnish 
training to specialized branches of the armed services. Details are 
not yet available, but it is expected that work will be in aviation 
and engineering. 

Cornell University.—Herbert H. Williams, director of the Cornell 
University Placement Bureau since 1933, has been appointed 
assistant to Dean S. C. Hollister of the College of Engineering. 
Williams graduated from the Cornell School of Civil Engineering 
in 1925. 

L. Donald Doty, employed since 1934 by the U. S. Army Engi- 
neers on various projects, has been appointed associate professor of 
hydraulic engineering in civil engineering. 

Daniel F. Langenwalter and Stanley L. Schauss have been 
appointed instructors in the School of Electrical Engineering. 
Langenwalter, a graduate of Georgia School of Technology with the 
degree of B.S. in Electrical Engineering in 1941, has been at Cornell 
during the past year as a John McMullen graduate scholar working 
for his master’s degree. Schauss is a graduate of Cornell with the 
degree of Electrical Engineer in 1927. 

H. J. Loberg, C. I. Millard, and R. Y. Thatcher have been 
advanced from assistant professors to associate professors, and A. B. 
Credle, W. A. Johnson, T. A. Ryan, H. G. Smith, and J. H. Smith 
from instructors to assistant professors in engineering. 

Assistant professor H. N. Fairchild has been transferred from 
the department of heat power engineering to the department of 
experimental engineering. 

Two new departments were added to the Sibley School of 
Mechanical Engineering this fall. Professor Charles O. Mackey was 
named head of the Mechanical Engineering Laboratory, and Pro- 
fessor J. R. Moynihan head of the Department of Engineering 
Materials. These two departments will absorb the functions of the 
former Department of Experimental Engineering, and will also have 
additional functions demanded by recent advances in the two 
fields. Professor Mackey, who received his M.S. degree from 
Cornell in 1926, has been on the college staff since 1924, when he 
was appointed instructor in experimental engineering, later trans- 
ferring to the heat power department. He was made an assistant 
professor of heat power engineering in 1929, and professor in 1936. 
Professor Moynihan also received his M.E. degree from Cornell in 
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1926, and took his M.M.E. in 1932. He was an instructor in 
experimental engineering in 1929-30 and 1931-37, and assistant 
professor from 1937-41, when he was given his present rank of 
associate professor. 

Lieutenant Commander Arthur S. Adams, former assistant dean 
of the College of Engineering and officer in charge of the Diesel 
Engine course in the Naval Training School at Cornell, is now 
located in Washington, D. C., where he was ordered for special 
duty with the Navy Department. 

Chemical Engineering students moved into their new building, 
Olin Hall, this fall. This new building houses Chemical Engi- 
neering laboratories and classrooms for approximately 500 students, 
and was presented to Cornell by Franklin W. Olin, ’86, president of 
the Western Cartridge Company. The building is dedicated to 
Franklin Olin, Jr., 12, who died in 1921. 

Missouri School of Mines and Metallurgy.—The history of this. 
school is the product of ten years of research, collection of data, and 
editing. Careful documentation and thoroughness of treatment are 
striking characteristics of the work. It was edited by the Phelps 
County Historical Society, Mid-State Printing Co., Jefferson City, 
Mo., 1941, 1020 pp. 

The contents of the first seven chapters can be summarized by 
saying that they give a view of the school as it now exists, a resume 
of the School of Mines’ practical service to the state and nation, 
a sketch of the period of general industrial development of Missouri, 
and a rather detailed record covering the period of legislative 
establishment of the School. Particularly interesting and informa- 
tive is the chapter dealing with the general industrial development 
of the state and the influence of this development on the founding 
of the School. 

Chapters 8 to 19 cover the administrations of the first twelve 
directors of the School, 1871-1941. In general each administration 
is treated under the following topics: “biographical sketch of the 
director; details of the School’s departmental organization; names 
and status of the Faculty members; the educational policies in force; 
the numbers of students and graduates, with the number and kinds 
of degrees awarded; the evaluation of the various technical and 
academic curricula; a statement of financial problems, legislative 
appropriations and fiscal affairs; and an outline of the particular 
problems and achievements of the administration.” 

In this section we witness the birth (under the zgis of the 
Morrill Act), the growing struggles, and the development of this 
lusty infant as it passes through adolescence to young maturity. 
The year 1915 marks the coming of age of this division of the Uni- 
versity of Missouri. At that time the state legislature enacted a 
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bill directing that the School of Mines and Metallurgy ‘‘shall confer 
the bachelor of science and professional degrees in mining engi- 
neering, in metallurgy, in mechanical engineering, in electrical 
engineering, in chemical engineering, in civil engineering, and the 
degrees of bachelor and master of science in general science.” Thus 
by official act of the legislature the School’s position as an institute 
of technology was confirmed. 

The last chapter is devoted to a summary and conclusions; 
a roster of graduates appears as an appendix. The omission of 
an index is not as serious a defect as might be thought because 
there is an extensive table of contents and topical index. 

The editors have ably performed a task of great magnitude in 
making possible this rather remarkable history. The Phelps County 
Historical Society has made a valuable contribution to the history 
of engineering education in this country. 








SECTIONS AND BRANCHES 


The Winter Meeting of the Middle Atlantic Section of the 
S.P.E.E. was held at The Cooper Union in New York City on 
Saturday, December 5, 1942. In spite of the difficulties of trans- 
portation, the meeting was very well attended. Registration 
showed 209 men present and 31 women. These figures showed a 
representation of 26 colleges in the Section and 13 industrial firms. 
Concurrent with the meeting of the Section, the Engineering 
Schools Librarians Committee of the Middle Atlantic Section held 
a special meeting during the morning session. 

The business meeting of the Section was opened by the Chair- 
man, Dean J. S. Morehouse of Villanova College. After his intro- 
ductory remarks, Dean Morehouse introduced the Director of The 
Cooper Union, Edwin 8S. Burdell. Dr. Burdell cordially welcomed 
the Section to Cooper Union and expressed the desire that the day 
spent there would be both pleasant and profitable. In his wel- 
coming remarks he indicated that the American colleges are facing 
certain vital facts and that serious attention should be given to 
their solution. Among these are: 

1. The drafting of all students regardless of professional standing. 

2. A few schools with dormitories will be selected by the Army 
and Navy for war training. He expressed regret that in this 
program the indications are that our schedules will be taken over 
completely by the military authorities. 

3. He regreted the tendency of colleges to lean more and more 
heavily on the Government for special grants and student funds. 
In accepting these grants, the colleges must be more and more 
influenced by the Government. He indicated that schools that ask 
for financial help must, as a result, take on more and more Govern- 
ment supervision. He felt that this Government control was 
rapidly being accelerated. 

4. He expressed a word of caution in regard to the problem of 
accepting women in the profession. He indicated that this might 
lead to ill will against the engineering colleges, since at the end of 
the emergency, a definite tendency would exist to discontinue the 
admission of women to engineering colleges. He therefore suggested 
caution in encouraging women to take engineering courses at the 
present time. In conclusion he definitely felt that we are facing a 
crisis at this time and a careful study of our progress is very vital. 

After Doctor Burdell’s address, the Chairman called to order 
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the business meeting of the Section. The Secretary’s report of the 
Spring Meeting held at Princeton, New Jersey, was presented and 
accepted as read. The Treasurer reported a balance on hand, as of 
December 1, of $154.90. 

The Chairman read a letter from the National Headquarters 
requesting that a delegate be appointed to represent the Section 
on the National Nominating Committee. He named the following 
Nominating Committee to select a delegate for the Section: Pro- 
fessors Billings, Walter and Fraim. The Committee placed in 
nomination Dean G. F. Bateman, Cooper Union, who was un- 
animously elected. 

The next order of business was the election of the officers of 
the Section for the year 1943. The Nominating Committee, 
appointed at the Spring Meeting and consisting of Professor King, 
Dean Daggett and Professor Thatcher, placed the following mem- 
bers in nomination for offices for the year 1943: For Chairman, 
Professor Hale Sutherland, Lehigh; for Vice Chairman, L. A. 
Rittenhouse, Haverford; for Secretary-Treasurer, Frank D. Carvin, 
Newark College of Engineering. There being no further nomina- 
tions for offices, the Secretary was instructed to cast a ballot 
electing the above candidates. 

Dean Bateman brought up the question of listing the members 
of the Section on addressograph plates. Since the membership 
includes some 700 individuals, it was felt that it would greatly 
help in arranging the meetings held by the Section to have their 
names listed on addressograph plates. After considerable dis- 
cussion, it was duly moved that the Treasurer be authorized to 
obtain addressograph plates of our membership. 

As a final item of business, the Chairman called on Doctor 
Scott for a few remarks on the activities of the ECPD in regard 
to the young engineer. Doctor Scott briefly reviewed the ac- 
tivities of his committee on accrediting and professional standing 
of engineers and the joint action of various engineering societies. 
He cautioned the Section against any decrease in emphasis on 
college accrediting during this war period. 

During the noon luncheon a special committee composed of the 
officers of the Section and the deans of the various colleges met to 
discuss a memorandum presented by Dean Newman of the College 
of the City of New York regarding the drafting of engineering 
students. After considerable discussion the Committee agreed to 
present Dean Newman’s suggestions to the Section in the afternoon 
meeting. 

After lunch at the Hotel Holley, the group moved to Washington 
Square Park where Dean Bateman placed a wreath on a monument 
erected to the memory of Alexander L. Holley. The monument 
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features the following inscription ‘“‘In Honor of Alexander Lyman 
Holley, foremost among those whose genius and energy established 
in America and improved throughout the world the manufacture of 
Bessemer steel, this memorial is erected by engineers of two 
hemispheres.”’ 

At the afternoon session the Chairman introduced Henry T. 
Heald, President of the Illinois Institute of Technology and Presi- 
dent of the Society for the Promotion of Engineering Education, 
who gave a talk on the topic, “‘Recent Developments in Army and 
Navy College Training Programs.” 

Dr. Heald reviewed the history of the engineering college execu- 
tives and government policies as they relate to full-time students 
since Pearl Harbor. He mentioned the conference of college presi- 
dents held in Baltimore, January 3 and 4, and a later meeting of 
the same group in July. He brought out the many changes in the 
status of Army and Navy recruiting since the inception of the war 
and featured a statement of policy issued by the Manpower Com- 
mission on August 20, selecting the following two points as sig- 
nificant: 1. That all able-bodied male students are destined for the 
armed services; the nature of the training to be specified by the Army 
and Navy for their respective groups. 2. The Manpower Com- 
mission stated that it may be necessary to select draftees down to 
eighteen years of age, and any plan for student war training must 
take this possibility into consideration. The Manpower Com- 
mission also indicated that its division of professional and technical 
personnel, under the direction of Dr. E. C. Elliott, would function 
as a central agency to advise with Government departments and 
higher educational institutions regarding utilization of facilities and 
adjustment of educational programs within the war effort. 

During the past summer, the American Council on Education 
appointed a new committee on Relationships of Higher Education 
and Federal Government under the chairmanship of President Day 
of Cornell University. This committee offered its services to the 
Joint Army and Navy Personnel Board and the War Manpower 
Commission and this offer was accepted. 

On September 10 Secretary of War Stimson dropped a bombshell 
into the college world by announcing that enlisted reservists 
would be called to active duty at the end of the term in which 
they became of Selective Service age. At the same time the Navy 
indicated that it had no intention of making any radical changes 
in its announced college reserve plan. Ata meeting of the American 
Council on Education Committee on September 17 and 18 careful 
consideration was, given to developments to date as well as to 
information obtained from numerous conferences with representa- 
tives of the Army and Navy and other Government agencies. The 
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Committee recognized the need of an over-all plan for college 
training for military service and war industries, but concluded 
that the tactical situation made such a plan impossible at that 
time. The Committee formulated a plan for an enlisted training 
corps in the Army, Navy, Marine Corps and Coast Guard as follows: 
1. That a training corps for military service be established at 
designated colleges and universities, open to all male high school 
graduates or others of equivalent education over seventeen years 
of age, who meet competitive standards, up to quotas to be estab- 
lished by the respective armed forces. Selection of candidates for 
enlistment to be made by appropriate military authorities in co- 
operation with the institutions. 2. Enlisted candidates may exer- 
cise choice in the selection of an institution within limits of quotas 
and establishment of programs by the armed forces. 3. Enlisted 
candidates shall pursue year-round curricula extending four semes- 
ters or the equivalent in length agreed upon by proper military and 
institutional authorities. Upon completion of this basic training, 
they may be assigned for further professional and specialized 
training. 4. Enlisted candidates shall receive base pay and sub- 
sistence while attending colleges and universities as members of 
the corps. 

This plan was submitted to the War and Navy Departments 
and was made the basis for discussions in several conferences. It 
became clear that the military services were thinking primarily in 
terms of training for the technical and professional fields; such 
training to be abbreviated as much as possible. It was also 
apparent that there would be certain essential differences in the 
plans adopted by the Navy and Army; namely, that those men 
assigned to the Army plan would be selected after the completion 
of 13 weeks basic training, while those accepted for the Navy would 
be admitted directly from high school. More specific details of 
these new programs will be made public at an early date. 

The S.P.E.E., at a recent meeting of the administrative officers, 
authorized the appointment of a special committee to work with 
the armed forces. This committee, working with the American 
Council on Education Committee, has already submitted the names 
of a panel of more than 100 experts in the various fields of engi- 
neering from which the Army and Navy may choose consultants 
for the preparation of engineering. curricula. In Dr. Heald’s 
opinion the plans which are developing have considerable merit. 
They will, if properly operated, permit the selection of the country’s 
best qualified young men without regard to financial resources and 
thus permit young men of superior ability to be trained for officers 
and specialists. This should adequately meet the needs of the 


military forces. 
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The requirements of war industries present another aspect to 
the problem. With the lowering of draft age to eighteen, nearly 
all of our engineering students will be in the Army unless Selective 
Service procedures are changed. The S.P.E.E., in common with 
several other engineering societies, has recommended that pro- 
visions be made for the deferment of properly qualified engineering 
students in their freshman year. This recommendation is based on 
the assumption that war industry will require a continuing supply 
of men with engineering training. National Headquarters of 
Selective Service have, as yet, taken no action on this problem. 
They are awaiting information from the War Manpower Com- 
mission. 

Dr. Heald feels that this situation is crucial, as it seems ex- 
tremely unlikely that the demands of war industry can be met 
solely by the physically unfit or by the few women we may be 
persuaded, to enroll in engineering courses. Certainly it seems that 
until it may be clearly demonstrated that war industry is not going 
to need young engineers, at least a reasonable number must be 
allocated for this purpose. In order to be really effective, such a 
procedure would probably involve the establishment of an industrial 
training corps with definite quotas and definite responsibilities to 
be met by the institutions and by the students. Unless some such 
plan is put into operation in the very near future, the supply of 
engineers for war industry in 1943 and thereafter will be very small 
indeed. 

Dr. Heald finished his talk with the expressed belief that the 
engineering college will be able to make the adjustments necessary 
for the success of this or any program. In the discussions which 
followed the talk, Dr. Heald indicated that he judged that the 
program would be in full operation in June 1943. He felt that all 
engineering branches would have a place in the training program, 
and he felt that the program would require the use of all engineering 
schools. Also he intimated that all sophomore and freshmen in 
college would receive 13 weeks of training after being drafted. He 
indicated that war quotas of engineering trainees had not as yet 
been made and that this is dangerous since the Army and Navy 
are able to present their needs while industry has no say at present. 

The contemplated training programs will vary in length, aver- 
aging probably around six months of continuous training. The 
curricula of engineering colleges will be changed except in special 
cases. 

The American Society of Mechanical Engineers recently passed 
a resolution asking for a deferment of engineering students in their 
freshman year, but the whole manpower problem is difficult and 
confused at present. The resolution may require that all training 
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be placed on a quota basis, but at the present time industry would 
suffer since it has not been effectively represented. This is a weak 
position, and industry should put pressure on the Manpower 
Commission. 

Following Dr. Heald’s talk, Dean Newman of the College of the 
City of New York read a resolution which he asked that the Middle 
Atlantic Section of the Society for the Promotion of Engineering 
Education endorse and that the same be forwarded to the Man- 
power Commission. 

This resolution set up a program for the training of engineering 
personnel for both the armed forces, the war industries and for 
civilian services. The program recommended a technical training 
course not to exceed a total of 27 months. During this program 
students doing unsatisfactory college work would be dropped at 
the end of each semester and would become liable under Selective 
Service. The program also considered the allocation of students. 
After a short discussion of this resolution from the floor, Professor 
Reed made a motion that the Middle Atlantic Section of the 
S.P.E.E. pass a resolution to be forwarded to the Manpower Com- 
mission endorsing the resolutions of both the American Society of 
Mechanical Engineers and the American Institute of Chemical 
Engineers which had already been forwarded to the Manpower 
Commission and that a copy of Dean Newman’s plan be also 
forwarded to the Manpower Commission to support our resolution. 
This motion was passed by vote, if not unanimously. 

Dean Bateman of Cooper Union then recommended a change in 
engineering training curricula by suggesting a group of subjects 
within blocks, each block being complete and separate within itself. 
He suggested three semesters of subjects, providing a fundamental 
scientific foundation in the first block. In the second block, three 
semesters of basic engineering subjects were recommended and in 
the third block, two semesters of departmental engineering special- 
ization. He estimated a probable distribution of trainees based on 
each and also suggested that women might be recruited and fit 
well into both the first and second block within this program. 

We next listened to an address by Lt. Colonel H. F. Schwabacher 
of the United States Army on the topic, ‘‘ Replacement of Men in 
Industry by Women.”’ Colonel Schwabacher is connected with the 
manpower branch, Civil Personnel Division of the War Depart- 
ment. Colonel Schwabacher told the Section that the Army was 
facing a shortage of every kind of personnel at both college and 
labor levels and endorsed the replacement of men by women within 
industry. He outlined what had been accomplished by both 
England and Russia in this matter. 

Colonel Schwabacher stated that the allocation of personnel is a 
serious problem, that certain work can be done only by men, that 
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combat service needs special physical capacity and that within the 
armed services 70 per cent are specialists. He said that he recog- 
nized that industry must also produce if the war is to be won. The 
needs of the Army are not as yet known, but probably every 
physically qualified man above eighteen may be ultimately needed 
in the armed forces, and if such a man is not in the Army, he is 
merely loaned to industry, to society, or to his family. Colonel 
Schwabacher intimated that he felt that within the next year our 
industrial labor group would be increased by five million persons 
and the armed forces by between three and four million persons. 
These replacements must come from those who are not within 
industry at present, and women seem to be the solution. 

The Army normally thinks in terms of those below college 
level. Colonel Schwabacher indicated that both industry and the 
armed forces desire trainees from the lower blocks of Dean Bate- 
man’s program. He said the draftees could be trained in four 
months if they are suitable timber and that at the present time 
within the Army a platoon commander is being trained within 
nine months instead of six years. He indicated that engineering 
schools are virtually devoid of women. 

Colonel Schwabacher felt that if sufficient inducement were 
made to women to enter industry, that many would take advantage 
of a four, six or eight months’ training program intended to train 
them for engineering work. He felt that the money might prove 
attractive and that the matter might successfully be approached 
from the patriotic angle. He felt that unless some comprehensive 
training program for women is developed and carried out, it may be 
necessary to deplete our armed forces and that that situation would 
not be healthy. 

A third talk was given by C. Wilson Cole, Supervisor of the 
Engineering Personnel Bureau of the Curtiss-Wright Corporation, 
in which he outlined their program for the training of women for 
technical positions within industry. He presented a brochure, 
copies of which were placed in the hands of each individual present, 
outlining this program. The program endeavors to recruit young 
women from women’s colleges and other walks of life to enter a 
special engineering training program of ten months duration. These 
trainees will be sent to seven selected colleges and will receive a 
salary from the Curtiss-Wright Corporation during their training. 

Mr. Cole expressed the thought that girls completing ESMWT 
courses are not the full answer to industry’s needs and stressed the 
fact that, for many purposes, additional engineering training is 
absolutely required. He said that both the armed forces and 
industry are moving toward vocational training and that schools 
must assume their responsibility in this training program. 
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During the discussion which followed Mr. Cole’s talk, Dean 
Disque of Drexel Institute suggested that, in his opinion, a slight 
modification in the ESMWT program is all that would be required 
to solve the woman training program and this modification is, 
namely, that institutions should be fully compensated for the cost 
of carrying on this program. 

The minutes of the afternoon session were taken by Professor 
H. E. Walter of the Newark College of Engineering in the absence 
of the Secretary. The meeting adjourned at 5:10 p.m. to be re- 
convened at the dinner held at the Hotel Breboort. 

At the dinner meeting of the Section, attended by the men and 
women of the Section, Chairman Morehouse introduced Dr. Gano 
Dunn, President of The Cooper Union, as the speaker of the 
evening. Doctor Dunn spoke on some of the general problems of 
education. He stated that during the course of a year one person 
in four hundred thousand who had been educated must die. Also, 
some two and one half million people are born each year. It is the 
purpose of education, therefore, to make up the loss in our educated 
personnel due to deaths during the year and to educate the new 
born. He emphasized the fact that education must be real both 
in formation and in its functional aspects. There must necessarily 
be a proper balance between these two. 

He spoke briefly on the effect of so-called social security. Indi- 
cations are that increased emphasis on social security are both 
good and bad for people. As long as social security is not used to 
dull the incentive element in our lives, most of its effects are bene- 
ficial. He mentioned the fact that production is the basis of all 
wealth and happiness and that people need to be educated to realize 
that wealth is obtained through production and not someone’s 
profit based on some other person’s loss. We should continue to 
stress the humanities in our engineering education. He cautioned 
against the ill effects of subsidies from the governments and the 
effect on our educational policy. He emphasized the fact that we 
must continually keep control of changes in our educational policies 
and curricula. He ended his remarks by expressing the pleasure 
of Cooper Union in entertaining the Section as its guest. 

At the conclusion of the meeting, Chairman Morehouse expressed 
the appreciation of the Section to Cooper Union for its excellent 
hospitality. The arrangement of the meeting and the preparation 
of topics and speakers was excellent. Both the luncheon and dinner 
meeting were very well planned. It was the general consensus 
that the Cooper Union meeting was one of the most pleasant and 
instructive meetings presented by the Middle Atlantic Section. 

Frank D. Carvin, 


Secretary 
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Harold Monroe Raymond, president emeritus of Illinois Institute 
of Technology, died at his home in Grass Lake, Michigan, January 
24, 1943, at the age of 70. 

The second president of Armour Institute of Technology, Dr. 
Raymond, served from 1922 until 1932 as its executive. Upon his 
resignation in 1932 because of impaired health, Armour Institute 
elected him president emeritus. With the merger of Armour and 
Lewis Institutes in 1940, he was subsequently elected to the honor- 
ary position of president emeritus of Illinois Tech. During his 
thirty-seven years of active duty at Armour he was successively 
instructor, associate professor and professor experimental physics, 
principal of the Armour Scientific Academy (discontinued in 1903), 
director of evening classes, and dean of engineering. After the 
death of Dr. Frank W. Gunsaulus in 1921 he became acting presi- 
dent; in 1922 he was elected president. 

Dr. Raymond was graduated from the University of Michigan 
with the degree of bachelor of science in engineering in 1893. After 
graduation he was employed in the engineering department of the 
Rockford Electrical Manufacturing Company, where he remained 
fora year. He then returned to Michigan for graduate study. In 
1895 he was appointed as an instructor at Armour then in its second 
year. 
He was a member of Tau Beta Pi, national honorary fraternity, 
a fellow of the American Association for the Advancement of 
Science, a member of the Society for the Promotion of Engineering 
Education. He served as editor-in-chief of the Cyclopedia of 
Modern Shop Practice, the Cyclopedia of Engineering, and the 
Cyclopedia of Mechanical Engineering. 











50TH ANNIVERSARY MEETING, CHICAGO, 
JUNE 18, 19, 20, 1943. 


At a moment when all attention focuses on the winning of the 
war and the greatest possible utilization of the nation’s resources 
for the earliest conceivable accomplishment of that all desirable 
end, it is particularly fitting that the S. P. E. E. should hold its 
50th Anniversary Meeting in Chicago, the city of its origin. It is 
Chicago today that in its war production typifies all that the 
S. P. E. E. stands for. In the unparalleled diversity of its war 
output, Chicago, more than any other city in the country, is proving 
what can be achieved when mechanical genius and education are 
put to the test. 

Chicago has always been famed for the wide range of its in- 
dustry. In peacetime, more than 9,000 different factories made it 
the output center for the greatest variety of manufactured wares 
of any metropolitan area in the world. From its shops in good 
years poured a mass industrial volume frequently exceeding $6,- 
000,000,000 in value. In its army of skilled and semi-skilled labor, 
it possessed the nation’s most valuable reservoir of manpower. 

It has taken the war, however, to prove the real elasticity of 
Chicago industrial greatness. Today, according to official state- 
ments by the Army, the Chicago area not only is turning out the 
widest variety of materiel required by Uncle Sam’s fighting forces, 
but it is the only district in the country that is producing every 
single item on the almost unending list comprising the needs of the 
Ordnance Corps. 

While Detroit is leading in production of tanks, trucks, jeeps and 
all that goes into Uncle Sam’s automotive efforts ; while Los Angeles 
and other coast cities have the edge in aircraft manufacture; and 
while Philadelphia heads the list in building naval craft; Chicago 
is making some of each of these important categories and thousands 
of others. 

Chicago to date has received more than 5% billion dollars worth 
of war contracts and subcontracts. Peacetime factories have been 
converted in many cases into 100 per cent war plants. Great new 
war plants such as those of Buick, Studebaker, Chrysler, Douglas 
Aircraft, American Torpedo, Aluminum Corp. of America and 
Bendix have been located in Chicago and put on a full scale oper- 
ating basis. And without having to follow the example of other 
cities and go afield for its labor, Chicago has placed 700,000 of its 
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WACKER DRIVE 


Skirting the south bank of the Chicago River is Wacker Drive, the first 
well known two-level street in America. Utilization of two levels has done 
much in solving the unusually heavy traffic problems which might otherwise 
beset this busy spot on Chicago’s Lake Front where the Michigan Avenue 
Bridge connects the city’s north and south sides. 

The London-Liverpool Building in the immediate left foreground is lo- 
cated on the site of Fort Dearborn, original settlement of Chicago. 


own men and women into war production jobs, without any marked 
ill effects to its essential consumer industries. 

.Briefly, Chicago has taken on one of the world’s biggest war jobs, 
and it has taken it in stride mainly because in its 20 universities, 
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colleges and technical schools, in its long encouraged system of ap- 
prentice and inservice training, and in its leadership in developing 
new courses of education to fit white collar workers, housewives and 
physically rejected men and women for war work that have been 
copied by scores of other cities, it has, in war as in peace, applied 
sound engineering and engineering educational methods to its 
immediate problems. 





STATE STREET—THE MAIN STREET OF THE NATION 


Dozens of great department stores, specialty shops, theaters, hotels, and 
other great commercial establishments border State Street, Chicago’s great 
retail center, whose buyers come from every section of the country. 


Forgetting the unusual conditions precipitated by the war and 
looking at Chicago from a more normal viewpoint, the 3,000 square 
miles comprising the Chicago industrial area loom up a territory 
of huge steel mills, meat packing plants, machinery manufacturers, 
petroleum refineries, railroad car shops, chemical plants, and found- 
ries—the basic industries forming the very foundation of American 
economic life. 

In the aggregate its factories account for 8 per cent of the na- 
tion’s manufacturing activity, although the population is only 4 per 




















574 50TH ANNIVERSARY MEETING, CHICAGO 


cent of the country’s total. The concentration of capital goods pre- 
duction is indicated by the fact that this area makes nearly one- 
fifth of the nation’s rolling mill and steel products, 13 per cent of 
the electrical machinery, 27 per cent of the railroad cars, and re- 
fines 8 per cent of the nation’s oil. 

Chieago’s stockyards and packing plants have been a magnet 
drawing thousands of visitors to Chicago for many years. The 
city’s half-billion dollar meat packing industry handles and pro- 
cesses a tremendous number of animals. In 1940, for example, the 
slaughter of cattle under federal inspection totaled 1,358,248 head, 
while the hog slaughter was 5,692,010 head. Figures for calves and 
for sheep and lambs were 345,122 and 2,287,101 respectively. The 





FIELD MUSEUM OF NATURAL HISTORY 


Here on Chicago’s Lake Front there awaits the visitor to Chicago one of 
the world’s most complete exhibits of anthropology, zodlogy, botany and 
geology. Collections from all over the world of the prehistoric and modern 
make Field Museum a mecca for millions annually. The exploration parties 
continuously sponsored by the institution have left their footprints in every 
section of the globe. 


total for all livestock was 9,682,481 head. The packing plants 
themselves are models of efficiency. Research has developed hun- 
dreds of by-products, so that there is virtually no waste in the 
packing processes. 

The railroad picture is fully as spectacular as that for the meat 
packing industry. There are 7,850 miles of railroad track in the 
Chicago industrial area alone. This is greater than the mileage 
in 39 of the 48 states, and is approximately equal to the total miles 
of track in all of New York State. Twenty-two trunk line rail- 
roads operate passenger and freight lines from Chicago, and, in 
addition, there are 15 belt and terminal railroads serving the city. 
Each day 369 through passenger trains enter or leave Chicage. 

The significance of water transportation is indicated by the rec- 
ord of Chicago district lake traffic and the traffic on the Illinois 
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waterway which is said to be more than the traffic passing through 
the Panama Canal. Transatlantic vessels come direct to Lake 
Michigan ports via the St. Lawrence and the Great Lakes, while the 
new Illinois deep waterway provides a direct link with the Gulf 
of Mexico via the Illinois and the Mississippi Rivers. 

In major lines of industry Chicago rivals Pittsburgh as a steel 
center, produces almost every known type of machinery, including 





MICHIGAN BOULEVARD—CHICAGO’S FAMOUS FRONT DOOR 


Few streets throughout the world are better known than Chicago’s Michi- 
gan Boulevard with Lake Michigan and many of Chicago’s famous parks and 
museums lining one side of the avenue and a typical cross section of the 
city’s skyline furnishing the background on the other side. 


the country’s biggest output of diesel engines; is America’s prin- 
cipal source of communicatioin equipment; outranks every other 
city in variety of furniture output, with 600 factories and 20,000 
workers; tops $100,000,000 annually in the value of its textile 
manufacture; and leads in the variety and craftsmanship of its 
printing establishments. With its propinquity to so many sources 
of raw material and to the latent wealth embodied in the waste 
available from its packing plants, oil refineries and great industries, 
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it is only logical that Chicago should also be a major factor in the 
field of chemical manufacture. 

Chicago can attribute its industrial preeminence not only to its 
strategical location, its climate and its development of the world’s 
outstanding transportatioin network, but also to the foresight of its 
own citizentry. In its zoning ordinances, Chicago has always made 
ample provision for the creation of new manufacturing areas; in 
its public utilities it has been blessed with plentiful and economical 
power ; in its program of public education it has given all encourage- 
ment to vocational training; and in its labor record it has kept its 
feet reasonably on the ground. Despite a few flare-ups, Chicago’s 
average of lost-time strikes during the past decade has been almost 





(ROSENWALD) MUSEUM OF SCIENCE AND INDUSTRY 


Here preserved in Chicago for all time, in the famous Fine Arts Building 
of the Columbian Exposition of 1893, is being assembled the graphic history 
of man’s technical developments. Typical of these exhibits is a real coal 
mine in actual operation. 


50 per cent less than that of other industrial centers about the 
country. An intelligent municipal administration has coéperated 
in making the most of these many community assets. 

For the visitor more interested in entertainment or cultural 
diversion than in the more prosaic economical conditions that have 
helped to make them possible, Chicago offers so many different at- 
tractions that it is no wonder that it won recognition as America’s 
most popular convention meeting place. There is constant op- 
portunity to see something new or unusual. 

At the head of most visitors’ lists as places to be seen are mu- 
seums, and no one should miss the world famous institutions of 
which Chicago justfiably is so proud. Let’s take the Field Mu- 
seum of Natural History as an example. This great marble palace 
at the southern end of Grant Park is devoted mainly to anthro- 
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pology, botany, geology, and zodlogy. More than a million persons 
visit it each year. One of its latest attractions is ‘‘Hurwa and his 
daily x-ray.’’ Hurwa is a mummy now, but some 2,800 years ago 
he was a minor official in Egypt. Still in his mummy wrappings, 
Hurwa stands behind a fluoroscopic screen and his ancient insides 
are projected on the screen by means of powerful x-rays. Other 
popular features at the Field Museum are the lifelike habitat 
groups of men and animals of other ages and civilizations. 

Close by the Field Museum are the Adler Planetarium and the 
Shedd Aquarium. The planetarium, a rarity and one of the few of 
these unusual places in the entire world, reproduces the sky as of 





SHEDD AQUARIUM 


Newest and most complete aquarium in the world, with more than ten 
thousand specimens, ranging all the way from the walking fish of Africa to 
the weirdest exhibits of deep sea life, Shedd Aquarium, another of Chicago’s 
great Lake Front institutions, has a visitor list of more than one million 


persons annually. 


any day, season, or year, The heavenly bodies move along in their 
regular paths, and by speeding up the machine the movements that 
would require a day, a year, or even many years, can be shown in 
a few minutes. 

The Shedd Aquarium, a $3,000,000 specially-designed building, 
contains one of the finest aquatic collections in the world. Strange 
fish from every quarter and ranging from tiny sea-horses to giant 
sharks and turtles are brought to Chicago in a custom-built railroad 
ear. 
The Art Institute of Chicago is the second largest art museum in 
the country. On the far south side of Chicago is the Vanderpoel 
Art Gallery featuring American painters and sculptors. 
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To S. P. E. E. visitors one of the most entertaining museums to 
be found is the Museum of Science and Industry, located in Jackson 
Park in an architectural masterpiece dating from the 1893 World’s 
Fair. Many of the exhibits can be operated by the visitor, himself, 
to demonstrate workings of mechanical devices or to perform basic 
experiments in physics. Among the major attractions are an oper- 
ating coal mine, a million-volt surge generator, a complete minia- 





CHICAGO’S FAMOUS GOLD COAST 


Here, stretching northward from the city’s Loop along the shores of Lake 
Michigan, is shown Chicago’s famous Gold Coast, residential area of many 
of the Middle West’s most wealthy families. 


ture railroad, a foundry, and many other exhibits covering physics, 
chemistry, agriculture, medicine, dentistry, pharmacy, transporta- 
tion, civil engineering, and the graphic arts. 

History is rather dry stuff under most circumstances, but not 
the way it is presented by the Chicago Historical Society in its 
handsome building located in Lincoln Park not far from the Loop. 
Through visual presentation in thirty-eight rooms it is possible to 
behold the most important periods in American history. The col- 
lection of relics is excellent, particularly the Lincoln collection, and 
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includes the actual anchor from Christopher Columbus’ flagship, 
the Santa Maria. 

The S. P. E. E. will meet in Chicago at a moment when the 
opportunity to enjoy the city’s almost boundless outdoor attractions 
is at its best. A system of public parks reaching into every corner 
of the community and linked together by a 210 mile network of 
boulevards, the 34,000 acres of Forest Preserve encircling the city 
and including in their expanse of native woodland, rivers and 
lagoons the last word in potential enjoyment for the nature lover, 
the famous Brookfield and Lincoln Park Zoos and the equally 
storied Garfield and Lincoln Park floral conservatories, big league 
baseball, horse racing, outdoor musical entertainment, and the 
never to be forgotten street scenes in Chicago’s unique foreign 
villages like Chinatown and the Ghetto—all offer a possibility for 
combining what promises to be an unusually interesting convention 
with an equally interesting and enjoyable vacation. 

Theaters, nationally known radio stations, great metropolitan 
newspapers conducting regular tours for visitors, State Street with 
its well known department stores living up to its reputation as 
the ‘‘Main Street of the Nation,’’ the Chicago Board of Trade 
and the Chicago Stock Exchange—they all await the 8. P. E: E. 
delegates. And to top it off, there will be Lake Michigan, with 
its sandy beaches and lakefront boulevards stretching for 29 miles 
along the city’s easterly border and its many convenient possi- 
bilities for bathing, yachting and fishing, proving why Chicago is 
often called America’s greatest inland playground. 

True enough, Chicago in wartime may seem to have foregone 
some of its previous color and you may find its streets crowded 
with thousands of soldiers, sailors and marines from the great mili- 
tary establishments now located all over its methopolitan district, 
but the odds are that in this throbbing metropolis, now giving its 
all to the conquest of the Axis, you will behold a more gripping 
and vivacious Chicago than ever. 

You will like Chicago. 








ACTIVITIES IN THE CURRENT ESMWT PROGRAM 


By GEORGE W. CASE * 


In July of 1942 when the Engineering, Science, and Manage- 
ment War Training program was launched, our country was enter- 
ing on a new phase of the manpower problem—a phase in which 
manpower has come to mean womanpower. During the Engineer- 
ing Defense Training program of 1940-41 a few farsighted indus- 
tries were concerned about the growing shortage of engineers; no 
great anxiety was felt, however, by the great majority. The 120,- 
802 trained in EDT seemed quite adequate to most observers. In 
July, 1941, when ESMDT was instituted, the outlines of the man- 
power stringency were beginning to emerge; considerable interest 
in increasing the supply of male engineers, chemists, physicists, 
and production supervisors was met on all sides. Not until late 
in 1942, however, were employment officers able to overcome the 
prejudice against the employment of women for these jobs. Now, 
women are sought for nearly any job which they can perform. 
The present and projected size of our armed forces has determined 
the pattern of our labor supply. Indeed, in some areas, we are 
exhausting the supply of women qualified to profit by ESMWT 
courses. 

Except for a moderate increase in size, and this marked shift of 
emphasis toward the training of those not liable for combat service, 
ESMWT is little different from ESMDT. Training is still directed 
toward specific activities to meet war needs within the four classi- 
fications established for ESMDT. More precise definitions of the 
field of training have been made from time to time and certain 
courses such as business communications, office machine operating, 
navigation, pilot training, radio code practice, camouflage, and 
meteorology have been definitely ruled outside the scope of the 
program’s authorization. 

Some 211 institutions had been authorized to operate 19,550 
courses in one or more of the three college-level training programs 
by the end of February, 1943. Only 194 of these institutions were 
active in the ESMDT program, however, and only 7,872 ESMDT 
courses with enrollments of 438,503 were conducted. ESMWT, in 
contrast, by the end of its eighth month, numbered 222 approved 

* Dean of the College of Technology, University of New Hampshire, absent 
on leave to serve as Director of Engineering, Science, and Management War 
Training in the United States Office of Education. 
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institutions among its participants: 155 approved for engineer- 
ing, 206 for chemistry, 157 for physies, and 147 for production 
supervision. Between them these institutions had obtained ap- 
proval for 9,324 ESMWT courses and had accepted enrollments 
totaling 372,528. Thus, it is evident already that this year’s pro- 
gram will be somewhat larger than ESMDT. 

The 372,528 ESMWT enrollments are still heavily concentrated 
in engineering courses, which alone account for 279,227 or about 
three-quarters of all enrollments. Production supervision courses 
are next in meeting needs of war industries, with 77,108. Chem- 
istry and physics courses account for a little more than two per 
eent each. Between 20 and 25 per cent of all trainees enrolling 
in the current program are women. 

The largest ESMWT enrollment of women has been for engi- 
neering drawing courses in which about one-fifth of the women 
have been enrolled, and accounting with approximately one-eighth 
of the total female registration. Other courses with appreciable 
female enrollments are: aeronautical engineering, personnel ad- 
ministration, inspection and testing, communications, surveying 
and mapping, engineering fundamentals, and analytical chemistry, 
in the order named. It is interesting to note that the courses with 
the lowest proportion of male enrollments are office management, 
analytical chemistry, inspection and testing, accounting, surveying 
and mapping, and fundamentals of engineering, in the order of in- 
creasing proportion of male enrollments. From one-third to one- 
half of the trainees in all of these courses are women. 

Regarding the effectiveness of ESMWT in meeting shortages, 
we have much evidence in the form of reports and statements of 
its benefit to specific industries. A study of 1,897 completed 
ESMWT courses, casts light on another plane—the effectiveness 
of the instruction in preparing trainees. This study reveals that 
nearly 62 per cent of the 76,755 trainees enrolled had completed 
the courses satisfactorily—were prepared for the service contem- 
plated when the courses were approved. The highest percentage 
of successful completions was 66.6 per cent of the 2,483 trainees 
enrolled in physics courses; the lowest was 57.6 per cent of the 
1,442 chemistry trainees. Of the 56,071 enrolled in engineering 
courses, 61.5 per cent received certificates. The principal reasons 
for failure to complete courses satisfactorily were: Changed em- 
ployment conditions, 8.5 per cent; unsatisfactory work in course, 
4.7 per cent; and entered armed forces, 3.2 per cent. Other rea- 
sons, including sickness, poor attendance, too heavy an educational 
load, and failure to take final examination accounted, together, for 
the remaining 21.7 per cent. Certainly, these figures reveal no 
unhealthy tendency. 
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During the life of the program it has been necessary to organ- 
ize certain courses to meet immediate nation-wide problems. 
Among these are the training of women for service as aircraft pro- 
curement inspectors, and Civil Service junior engineers, the re- 
fresher training of teachers of mathematics and physics, and the 
basic mathematical training of women and older men otherwise 
qualified for ESMWT engineering courses. 

To train junior procurement inspectors for the Army Air Forces 
a course quite similar to the ordnance inspection course, but with 
the last 60 hours devoted to intensive training in one of four op- 
tional subjects coérdinated with the type of aircraft on which the 
inspector plans to work, has been designed and offered at several 
institutions approved by the Air Forces. Trainees, who are se- 
lected by representatives of the Air Forces, are paid a training 
allowance of over 100 dollars a month. 

The development of the refresher courses in mathematics and 
physies subject matter for teachers has been interesting. These 
courses were offered first during the summer, but enrollments in 
them were disappointingly low despite the need, throughout the 
country, for teachers to conduct greatly expanded instruction in 
those subjects. With the Fall opening of the schools it became 
apparent that not nearly enough teachers had received this training 
and that it would be practically impossible to enroll them in typi- 
cal ESMWT classes during the school year. On October 22, 1942 
Commissioner Studebaker circulated a letter to State and County 
Superintendents of Public Schools, announcing ESMWT corre- 
spondence courses in mathematics and physics—a new departure 
in ESMWT. These courses have been carefully designed in con- 
sultation with the staffs of institutions offering correspondence 
courses through their extension divisions. Institutions in 19 states 
have been authorized to offer these correspondence courses for 
teachers, using lesson sheets developed at the University of Wis- 
consin under the general supervision of ESMWT committee espe- 
cially appointed for this purpose. 

The junior engineer-supplemental training course was devel- 
oped, in codperation with the U. S. Civil Service Commission, to 
provide training for college women graduates, to prepare them for 
Civil Service engineering jobs. The course outline includes engi- 
neering computations and problems, engineering drawing, elemen- 
tary mechanics of materials, surveying, and shop processes and 
methods. Over 1,000 women have been enrolled for this training 
since its inception. 

Recognizing that at least two years of mathematics is necessary 
for entrance to college-level courses in engineering and for service 
in any job that may properly be classified as engineering, ESMWT 
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has established a qualifying course in mathematics to supplement 
the supply of women with this qualification, which is diminishing 
at a rapid rate. The course content was selected primarily to 
afford manipulative skill in algebra, knowledge of the fundamental 
facts of geometry, and a working knowledge of trigonometric 
functions. Those who progress satisfactorily in the qualifying 
course may enroll in engineering drawing or other elementary 
engineering courses before they have completed the qualifying 
course, carrying the two simultaneously until the mathematics is 
completed. It is hoped that this procedure will increase the num- 
ber of women and older men who can successfully complete 
ESMWT engineering courses. 

An increasingly important training problem has been the prep- 
aration of qualified men from industry to teach ESMWT courses. 
Such men have adequate grounding in the subject matter, but 
often lack knowledge of effective teaching methods. Several in- 
stitutions, including the Pennsylvania State College, Yale Univer- 
sity, Temple University, and the University of Santa Clara have 
prepared manuals of great helpfulness to persons undertaking in- 
struction for the first time in the program. The Philadelphia 
group of institutions have rendered outstanding services in train- 
ing instructors to teach college-level training courses. 

Another and different set of problems has arisen from a recent 
reorganization of the War Manpower Commission. During the 
fiscal year 1941-42, the ESMDT program of the U. 8S. Office of 
Education was under the general supervision of the Chief of the 
Technical and Professional Training and Employment Division 
of the WMC, along with the National Roster of Specialized and 
Scientific Personnel. Executive order No. 9,279, dated December 
5, 1942, authorized the reorganization of WMC under five main 
bureaus entitled Selective Service, Placement, Program Planning 
and Review, Manpower Utilization, and Training. The National 
Roster was placed in the Bureau of Placement while professional 
and technical training has been allocated to the Bureau of Train- 
ing, together with the Apprentice Training Service, National Youth 
Administration, Rural War Production Training, Training Within 
Industry, and Vocational Training for War Production Workers 
programs. 

The War Manpower Commission operates through 12 Regional 
Manpower Directors. In each Region the Bureau of Training is 
represented by a Regional Chief of Training who is a member of the 
staff of the Regional Director, along with representatives of the Bu- 
reaus of Placement, Program Planning and Review, and Manpower 
Utilization. Selective Service is represented on the WMC Regional 
Director’s staff only in an advisory capacity, since the Washing- 
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ton headquarters of Selective Service deals directly, through the 
State Directors of Selective Service, with the local boards. 

The WMC Regional Chief of Training is the chairman of a 
committee composed of representatives of the six training agencies. 
This committee is charged with the responsibility for estimating 
training needs and codrdinating the work of the constituent agen- 
cies within its region. The actual operations of the various train- 
ing programs are carried out by the agencies themselves, which are 
responsible to their Washington offices just as they have always 
been. 

ESMWT maintains the same direct relations between the 
Washington office and the institutions which has always charac- 
terized it, and the same organization of regional committees under 
the chairmanship of the ESMWT Regional Advisers. The boun- 
daries of ESMWT Advisers’ regions have been changed slightly 
in some cases to make the twenty-one regions fit into the twelve 
War Manpower regions, and in each of those twelve regions an 
ESMWT Regional Adviser has been designated Regional Repre- 
sentative to the Bureau of Training of the War Manpower Com- 
mission. This ESMWT Regional Representative acts as the chair- 
man of a committee of ESMWT Regional Advisers in cases where 
the WMC region includes two or more ESMWT regions. In 
every WMC region the ESMWT Regional Representative is the 
official representative of ESMWT on the committee headed by the 
Chief of Training, and official contacts between his agency and 
ESMWT are to be made through this ESMWT Regional Repre- 
sentative. He is to receive such reports from the institutions and 
the ESMWT Washington office as will enable him to keep the 
Regional Chief of Training fully informed as to the ESMWT 
program in the region, and he is expected to keep the ESMWT 
Washington office informed of all developments in his WMC re- 
gion which might affect the approval of course proposals submitted 
by the institutions. 

The Bureau of Training was formed by the War Manpower 
Commission with the thought that this codrdination of the six 
training programs should result in a more comprehensive and 
efficient development of over-all training programs to meet the 
over-all needs of industry. 

Increasing volume of instruction in ESMWT and complexity 
of operating problems have necessitated, likewise, a minor reor- 
ganization of the Washington office. Under ESMDT the country 
was divided into two geographical areas with a Principal Special- 
ist in Engineering Education charged with the responsibility for 
approving course proposals in each area for the Director. In 
recognition of growing work-loads, a further division was made 
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on July 15th, establishing three areas to be operated in a like man- 
ner. More recently it has been necessary to introduce a fourth 
ESMWT area. The purpose of this reorganization is to expedite 
the processing, in Washington, of course proposals. 

Among the operating problems of this year are those arising 
from wartime shortages of equipment, the necessity for reporting 
active enrollments more comprehensively to the War Manpower 
Regional Chiefs of Training, and the necessity for recruiting 
trainees from groups not liable for combat service. 

Maximum use of equipment in ESMWT instruction must be 
obtained to meet the critical wartime shortage of such material. 
The policy recommended to secure such utilization has been, first, 
the design, whenever possible, of courses which can be given with 
the equipment already at hand and, second, the timing of starting 
dates and the staggering of class hours to keep duplication of 
equipment to a minimum and to secure the most continuous use 
of that which is available. Institutions have been asked to report 
all unused EDT and ESMDT equipment on hand which may 
possibly be made available to other institutions where the need 
for it is acute. 

Institutions, with suitable shop and personnel facilities, which 
are able to obtain the necessary materials may build many items 
of equipment needed for ESMWT classes, including the cost in 
the 20 per cent allowance for cost of equipment and space. 

The need of WMC Regional Chiefs for current enrollment data 
which will aid them in picturing the manpower supply of their 
regions as a whole has necessitated some adjustment of ESMWT 
reporting procedures. Certain reports from institutions are now 
made in duplicate, one copy being routed to the ESMWT Re- 
gional Representative for use in answering specific questions in 
the WMC regional offices. The active enrollment report has been 
revised also, to show, in addition to the active enrollment in each 
institution’s program, the type of course at the institution which 
constitutes the major segment of its active enrollment and the 
number of active enrollments in this course. The ESMWT Re- 
gional Representatives will serve as channels for the collection 
and transmission of such information as WMC representatives may 
require, and it is hoped that no serious inconvenience to the in- 
stitutions will be occasioned by the necessity for forwarding copies 
of these reports to the ESMWT Regional Representatives. 

The recruitment of large numbers of qualified trainees who are 
not liable for combat service with the armed forces has become a 
major concern of ESMWT. If production goals are to be met, 
industry must be provided with replacements for the young men 
now called to the colors. 
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A recent report, prepared at the University of California points 
out that, the recruiting of college-type, employable women for 
ESMWT courses is becoming a major operating problem. Fac- 
tors increasing the difficulty of this recruitment are: The small 
number of women with preparation in mathematics and science; 
the ease with which the college woman finds employment, often in 
jobs which she soon leaves because of their monotony; the compe- 
tition of overseas adventures and uniforms offered by the WAACS 
and WAVES, and the high wages paid workers on assembly-line 
jobs; and the need for more intensive and concerted national 
promotion directed toward creating an acceptance of ESMWT 
among women. 

The California report emphasized the following factors which 
influence qualified women to accept ESMWT training: Vigorous 
local promotion directed to patriotism and self-interest ; the availa- 
bility of training classes near home; the assurance of jobs upon 
completion of training; and adequate learner allowances for train- 
ees in courses more than twelve weeks in length. 

Aware of the importance of this last factor, many war indus- 
tries are selecting young women for professional and sub-profes- 
sional jobs, placing them on the payroll, and assigning them to 
attend ESMWT courses, in pay status, before entering on produc- 
tion work. Among the firms following this practice which have 
come to our notice are the Eastern Aircraft Division of General 
‘ Motors, the Consolidated Aircraft Corporation, the Jones and 
Lamson Machine Company, the Willys Overland Company, the 
Toledo Seale Company, the Surface Combustion Company, the 
Electric Auto-Lite Company, the DeVilbiss Company, and the 
Koppers United Company. The Federal Civil Service is facing 
the necessity for meeting this competition and there is a good 
possibility that training subsidies now offered by Federal Agen- 
cies to ordnance and aircraft inspection trainees may be extended 
to other fields. 

More and more, the participating colleges and universities are 
carrying on vigorous campaigns of local publicity, utilizing press, 
radio, and in some instances, tag-announcements on newsreels run 
by local motion picture houses. 

The Washington office is undertaking promotion directed toward 
the recruitment of women, principally through the women’s mag- 
azines. It is felt that these publicatins are highly selective in 
reaching the class which might provide desirable trainees and 
that their coverage is wide. Releases to date have brought in 
hundreds of inquiries from eligible women who have been di- 
rected to institutions near their places of residence. 
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The dramatization of ESMWT opportunities for women in a 
motion picture short has been proposed by at least ‘two institu- 
tions, and the Motion Picture Division of the Office of War In- 
formation in Washington has been approached concerning the 
possibility of doing this. Lack of funds and trained personnel 
for this purpose makes it unlikely that ESMWT will enter this 
field of promotion, especially while more conventional publicity 
media which can be utilized at less cost are not yet saturated. 

The success of recruitment efforts is attested by the growth of 
female ESMWT enrollments which are running well over 20 per 
cent of total enrollments, and expected to increase. The ratio of 
women’s enrollments has risen to its present value from less than 
one per cent recorded in the EDT program of 1940-41. Of the 
93,571 women enrolled in the three programs, more than 54,000 
have entered engineering, science and management courses this 
year. In view of the unprecedented opportunities for qualified 
women in industry it can be expected that half of ESMWT en- 
rollments may represent women before the close of the program. 
Perhaps older men and handicapped persons will comprise the 
major portion of the remainder. 

Older men are already finding ESMWT courses in precision in- 
spection and certain phases of production supervision effective in 
converting abilities acquired in such fields as salesmanship, law, 
and management of less essential enterprises for more direct par- 
ticipation in war production. Several hundred men in their 
forties and fifties have been placed in the aircraft industry as a 
result of ESMWT courses. Retraining courses for displaced ex- 
ecutives are being operated on a small scale at a few institutions 
now, pending the recording of sufficient experience with this new 
kind of training to justify its expansion. 

Estimates of the funds needed for the continuation of ESMWT 
during 1943-44 have been approved by the Bureau of the Budget 
and there is every reason to believe that the program will continue, 
substantially as it is at present, during another year. The de- 
velopment of special techniques for the retraining of handicapped 
individuals for war production may well be one of the operating 
problems of the near future. Some consideration is being given 
to problems in this field at present and a number of interesting 
suggestions have been received for the retraining of men discharged 
from the armed forces because of service-connected disability. 

We in the Washington office take pleasure in utilizing this 
opportunity to commend the institutions whose energy and devo- 
tion have made possible the ESMWT program and extend our 
sincerest wishes for a continuation of the success which has at- 
tended their efforts. 








ARMY SPECIALIZED TRAINING PROGRAM 
By A. L. H. RUBIN 


BASIC PHASE ENGINEERING 
CurrRicuLuM No. BE1 


Hours Hours 
per per 
Term I week Term II week 
Mathematics: AST-406. . . .6 Mathematics: AST-407... .5 
Physics: AST-304......... 7 Physics: AST-305......... 7 
Chemistry: AST-205......3 Chemistry: AST-206...... 6 
English: AST-111.........3 English: AST-111......... 2 
History: AST-133......... 3 History: AST-133......... 2 
Geography: AST-163...... 2 Geography: AST-163...... 2 
Hours 
per 
Term III week 
Mathematics: AST-408... .5 
Physics: AST-306......... 7 
Engineering Drawing: 
ME fo i au ex 6 
English: AST-111......... 2 
History: AST-133......... 2 
Geography: AST-163...... 2 


ADVANCED PHASE ENGINEERING 


CurRICULUM 4Al AND CurRIcULUM 4A2 
Term 4A 


This is a refresher course and reviews the work in Mathematics, 
Physics, Chemistry, and Engineering Drawing of the Basic Phase. 


ARMY SPECIALIZED TRAINING PROGRAM* 
Mathematics: AST-406 


Addition, subtraction, multiplication and division of polynomials. 
Factoring of following types: 
(a) Perfect squares. 


* Suggested texts following description of courses are not prescribed but are 
suggested as an indication of level and scope of the course. Each institution is 
free to choose its own equivalent texts. 
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(b) Difference of two squares. 
(c) 2? +axr+b. 
(d) Factoring by grouping terms. 
(e) Sum and difference of cubes. 
Operation with fractions. 
Evaluation of formulas. Include elementary mensuration of 
plane and solid figures. 
Linear equations in one and two unknowns. 
Exponents and Radicals. 
Logarithms. Accuracy of computation is to be stressed. Five- 
place tables are recommended. 
Quadratic equations in one unknown. Also include solution of 
linear-quadratic pair of simultaneous equations. Complex numbers. 
Ratio, proportion and variation. Use illustrative material from 
plane and solid geometry. 
Binomial Theorem. 
Trigonometric functions. Recommended introduction of func- 
tions of a general angle immediately. Fundamental identities. 
Computation on right triangles. Components of a vector. 
Radian Measure. (Also introduce the mil.) 
Graph of the sine and cosine function. 
Trigonometric identities including addition formulas for sine, 
cosine and tangent. Double and half angle formulas. 
Solution of oblique triangles. Insist on accuracy of compu- 
tation. 


Suggested Texts: 

1. Brink, Intermediate Algebra. 

2. Brink, Plane Trigonometry. 
Crathorne and Lytle, Plane Trigonometry. 
Curtiss and Moulton, Essentials of Trigonometry. 
Peterson, Intermediate Algebra for College Students. 
. Rietz and Crathorne, College Algebra, 4th Edition. 
. Rosenbach and Whitman, College Algebra. 
. Rosenbach and Whitman, Plane Trigonometry. 


ID ore oo 


Physics: AST-304 


Motions of Translation: Constant and variable speeds, constant 
and variable velocities, vector relations, accelerations, uniform cir- 
cular motion, motion of a projectile fired at an angle with the 
horizontal. Problem drill. 

Forces: Newton’s three laws, mass and weight, units vector 
relations, composition and resolution of forces, centripetal and cen- 
trifugal forces, center of gravity, momentum, conservation of 
momentum. Problem drill. 
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Rotation: Angular speed, velocity and acceleration, Newton’s 
laws applied to rotating bodies, torque measurement, torque and 
angular acceleration relations, moment of inertia, angular momen- 
tum, conservation of angular momentum. Problem drill. 

Statics: Conditions for equilibrium of a body under the action 
of a system of coplanar forces. Problem drill. 

Work, Power, Energy: Potential energy and its measurement, 
kinetic energy and its measurement, kinetic energy of rotation, 
units, conservation of energy. Problem drill, measurement of me- 
chanical power. 

Molecular Forces: States of matter, diffusion, cohesion, adhesion, 
surface tension, capillary. 

Friction: Types of friction, laws of friction between dry solid 
surfaces, viscosity of gases and liquids, limiting angle of friction, 
friction on an inclined plane, rolling friction, work done against 
friction. 

Liquids: Characteristics of liquids, pressure, factors affecting 
pressure in a liquid, Pascal’s principle, hydraulic devices, Archi- 
mede’s principle, density, specific gravity, stability of floating 
bodies. 

Gases: Atmospheric pressure, Terricelli’s experiment, compressi- 
bility of gases, potential energy of a gas under pressure as compared 
with a liquid under pressure, Boyle’s Law, fluids in motion, Ber- 
noulli effect. 

Elasticity and Periodic Motion: Moduli of elasticity, elastic and 
inelastic impact, simple harmonic motion, wave motion and types 
of waves, relations of wave length frequency and velocity, standing 
waves, reflection and refraction of waves. 


Recommended Laboratory Experiments: 
1. Measurement of lengths and angles, use of verniers and 
slide rule. 
*2. Measurement of density and specific gravity of solids by 
use of analytical balance. 
*3. Measurement of density and specific gravity of liquids, use 
of Westphal balance, calibration of an hydrometer. 
4. The simple pendulum, relation of period and length, deter- 
mination of g. 
5. The compound pendulum, centers of percussion and oscilla- 
tion measurement. 
6. Simple harmonic motion, use of coil spring, determination 
of spring constant, period, and factors affecting period. 
7. Determination of g, Free fall method. 
* Equipment for experiments marked with asterisk is not likely to be available 


from supply houses. Institutions which already possess this equipment might 
assign these experiments. Others will be satisfied to arrange demonstrations. 
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8. Factors affecting torsion, use of cylindrical rods, torsional 
coefficient of elasticity. 
9. Moment of inertia by torque and angular acceleration meas- 
urements. 
10. Moment of inertia by measurement of period of a rotating 
body with elastic support (torsion method). 
11. Young’s Modulus. 
12. Centripetal and centrifugal force measurement. 
13. Coefficient of friction measurement. 
14. Ballistic pendulum (Blackwood). Conservation of energy 
and momentum. 
15. Potential energy and work measurement. Work done by a 
pile driver in driving a nail in a block of wood, average 
force, impulse. 


Suggested Tezxts: 

Two groups of texts are named, Group A being more definitely 
texts for engineering students, Group B more elementary texts 
requiring less mathematical preparation. 


Group A Group B 
Anderson. Eldridge. 
Hausmann and Slack. Foley. 
Perkins. Howe. 
Robeson. Kimball-Wold. 
Saunders. Stewart. 
Shrader. 

Smith. 
Weniger. 


Chemistry: AST-205 


Laws of Definite Proportion, law of conservation mass, equi- 
librium, structure of matter, valence, oxidation and reduction, 
periodic system, behavior of matter in the three states of aggrega- 
tion, Faraday’s law, solution phenomena (including electrolytes and 
ionization). Application of concepts and principles should be made 
to the study of elements, compounds and reactions. 

The emphasis to be given to the above items would be deter- 
mined in the light of the content of the physics courses given in the 
Basic Phase. 


Suggested Texts: 
1. Hildebrand, Principles of Chemistry. 
2. Holmes, Chemistry (Unabridged). 
3. Kendall, Smith’s College Chemistry. 
4, Schlesinger, Chemistry. 
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Mathematics: AST-407 


Rectangular Coordinates. Distance and slope formulas. 

The straight line. 

Curve and Equation: The derivation of the equation of the 
curve from given conditions. A thorough discussion of the curve 
from its equation including such topics as excluded values, sym- 
metry, vertical and horizontal asymptote, etc., as a preliminary to 
the drawing of the graph. 

The Circle. 

Translation and rotation of coordinate axes. 

The Conics (not more than six or eight lessons). 

Polar Coordinates. A careful drill in plotting of graphs. 

Parametric equations. 

Transcendental equations, include addition and multiplication 
of ordinates. Stress curves like y = e* cos bz, etc. 

Solid Analytic Geometry. 

(a) Rectangular, cylindrical and spherical coordinates. 

(b) Planes and straight lines. 

(c) Second degree surfaces. Sketch by means of sections par- 

allel to the axes. 


Suggested Texts: 
1. Love, Analytic Geometry. 
2. Smith, Gale and Neeley, New Analytic Geometry. 
3. Wilson and Tracey, Analytic Geometry. 


Physics: AST-305 


Sound: Nature of sound, sources, sound characteristics, reso- 
nance, beats, interference, Doppler effect, binaural effect, study of 
sounds produced by tuning fork, vibrating strings, organ pipes, 
loudness levels, decibel relations, elementary acoustics. 

Kinetic Theory: Justification of Boyle’s law by laws of mechan- 
ics, mean free path, molecular forces, relation of temperature to 
kinetic energy, derivation of C = /3p/d, mechanical explanation of 
cooling of a gas by expansion and cooling by evaporation. 

Temperature Scales. 

Types of thermometers. 

Expansion of Solids: Coefficients of linear and volume expansion 
of solids, maximum density of water, expansion of liquids, thermo- 
stats. 

Measurement of Heat Quantity: Units, calorie, B.T.U., specific 
heat, method of mixtures, heat of combustion. 

Changes of State: Heat of fusion, heat of vaporization, super- 
cooling, effect of pressure on the freezing point, regulation, sublima- 
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tion, evaporation, boiling, effect of pressure on the boiling point, 
variation of heat of vaporization with temperature. 

Gas Laws: Thermal behavior of gases, changes of volume with 
constant pressure, changes of pressure with constant volume, the 
standard gas thermometer, general gas laws, free expansion, con- 
strained expansion, specific heats of gases, isothermal and adiabatic 
processes, Van der Walls equation. 

Vapors: Vapor pressure, saturated vapor pressure, variation of 
saturated vapor pressure with temperature, humidity of the atmos- 
phere, triple point, critical point, liquefaction of gases, refrigeration, 
pressure volume relations for a saturated vapor, conditions under 
which the gas laws hold for a vapor. 

Heat Transfer: Conduction, convection, and radiation, coeffi- 
cient of conduction, Dewar flask, general radiation, general absorp- 
tion, ‘‘black body” radiation, Stefan-Boltzmann law, Wien’s dis- 
placement law, elementary quantum theory. 

Heat and Work: First and second law of thermodynamics, work 
done by a gas expanding at constant pressure, work done by a gas 
in a Boyle’s law expansion, mechanical equivalent of heat, trans- 
formation of heat into work, Carnot Cycle. 

Nature of Light: Wave properties, corpuscular properties, photo- 
electric cell, and Young’s interference experiments, velocity of light, 
Michelson’s method, frequency and wave length relations, light 
sources. 

Photometry: Candle power, illumination of a surface, light flux, 
measurement of candle power, inverse square relation. 

Reflection and Refraction: Regular and diffuse reflection, plane 
mirrors, spherical mirrors, ray diagrams for location of images by 
spherical mirrors, relation of size of object and images, real virtual 
images, laws of refraction, index of refraction, deviation caused by 
a prism, total reflection, critical angle of incidence. 

Lenses: Thin lenses, principal focus, object, image and focal 
distance relations, ray diagrams for lens combinations, aberrations. 

Optical Instruments: Magnifying glass, telescopes, microscopes, 
eye, camera, field glasses, sextant, the electron microscope. 

Spectra and Color: Dispersion, types of spectra and their sources, 
ultra violet and infra-red spectra, color of bodies, mixing pigments, 
Fraunhofer lines, theory of color vision, luminescence, spectral radi- 
ation, selective absorption. 

Interference and Diffraction: Huyghens principle, Young’s inter- 
ference experiment, diffraction by a narrow slit, diffraction by a 
wire, Newton’s rings and thin film interference, diffraction grating, 
X-rays and diffraction of X-rays. 

Plane Polarization: Polarization by reflection, by double refrac- 
tion, and by scattering, the Nicol prism, Polaroid, use of polarized 
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light in detection of double refraction caused by strains, rotation of 
plane of polarization, photoelasticity. 


Recommended Laboratory Experiments: 


‘ 
2. 


or 


14, 
15. 


16. 
if 
*18. 

19. 

20. 


Melde’s experiment, standing transverse waves. 
Kundt’s tube experiment, velocity of sound in solids, stand- 
ing longitudinal waves. 


. Velocity of sound in air, resonance tube measurements. 
. Qualitative study of sound characteristics by use of phono- 


deik or oscilloscope. 


. Measurement of pitch by use of siren disk, pressure rela- 


tions in standing sound wave (Rubens apparatus). 


. Measurement of coefficient of linear expansion. 

. Measurement of heat of fusion. 

. Measurement of heat of vaporization. 

. Measurement of specific heat. 

. Mechanical equivalent of heat. 

. Gas Laws, Boyle’s and Charles’ laws. 

. Variation of vapor pressure with temperature. Static or 


dynamic method. 


. Relative humidity measurement, sling psychrometer and 


dew-point measurements. 
Photometry. 
A study of thin lenses, aberrations, effect of stops, focal 
length measurements. 
Simple telescopes, magnifying power. 
Index of refraction, spectrometer and prism method. 
Young’s interference experiment. 
Use of diffraction grating in wave length measurements. 
Qualitative experiments on plane polarized light. 


Suggested Texts: 

Two groups of texts are named, Group A being more definitely 
texts for engineering students, Group B more elementary texts re- 
quiring less mathematical preparation. 


Group A Group B 
Anderson. Eldridge. 
Hausmann and Slack. Foley. 
Perkins. Howe. 
Robeson. Kimball-Wold. 
Saunders. Stewart. 
Shrader. 

Smith. 
Weniger. 


* Equipment for experiments marked with asterisk is not likely to be available 
from supply houses. Institutions which already possess this equipment might 


assign these experiments. Others will be satisfied to arrange demonstrations. 
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Chemistry: AST-206 


Study of elements, their reactions and types of compounds, 
based upon their arrangement in the periodic table. The impor- 
tant common elements will be studied. What additional elements 
will be covered will be determined by their relative importance and 
the instruction time available. 

Two 1-hour lecture periods a week. Demonstration will supple- 
ment the instruction by lectures. Occasional reference should be 
made to application of reactions to industrial processes. 

Four laboratory hours a week will include time for quizzing of 
trainees and to give them an opportunity to ask questions. 

Laboratory work will develop skill in, as well as knowledge of, 
laboratory procedures and will illustrate the principles of chemistry 
and the study of the important common elements taken up in the 
lecture periods of the course. 


Suggested Texts: 
1. Hildebrand, Principles of Chemistry. 
2. Holmes, Chemistry (Unabridged). 
3. Kendall, Smith’s College Chemistry. 
4. Schlesinger, Chemistry. 


Mathematics: AST-408 


Definition of Derivative. Finding the derivative by the incre- 
ment process. 

Differentiation of algebraic functions. 

Applications of the derivative to: 


(a) Equation of tangent and normal. 
(b) Rates. 
(c) Maxima and minima. 
Differentiation of Transcendental Functions with further appli- 
cation of the derivative. 
Differentials with applications to approximation, etc. 
Integration of standard forms, integration by trigonometric sub- 
stitution, integration by parts. 
The definite integral with applications including areas and 
volumes. 


Suggested Texts: 
1. Granville, Smith, and Longley, Differential and Integral Cal- 
culus. 
2. Love, Differential and Integral Calculus. 
3. Miller, Calculus. 
4. Sherwood and Taylor, Calculus. 
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Physics: AST-306 


Electrostatic Phenomena: Brief study of constitution of matter, 
production of electric charges, two kinds of charges, the electron, 
force relations on charges, electrostatic induction, electric fields, 
electric potential, surface density, electric conductors and insula- 
tors, conduction in gases, ionization. 

Magnetic Phenomena: Natural magnets, Coulomb’s law, mag- 
netic poles, magnetic fields, the magnetic field of the earth, theory 
of magnetism, magnetic shielding. 

The Electric Current: Charges in motion, magnetic field of an 
electric current, simple electric circuit, electromotive force, resist- 
ance, effects of an electric current made use of in its measurement, 
Ohm’s law, Joules’ law. Problem drill on simple series circuit. 

Resistance: Resistivity, temperature coefficient of resistance, re- 
sistance standards, resistance properties of alloys and pure metals, 
wire size, series and parallel relations. 

Chemical Effects of an Electric Current: Faraday’s laws of elec- 
trolysis, the primary cell, secondary cells, polarization, emphasis on 
E=W/Q. 

Electromagnetism: Measurement of current by its magnetic effect, 
magnetic field about a straight conductor, magnetic fields about 
coils, forces on current leaving conductor in a magnetic field. 

Electrical Measurements: A study of the measurement of J, E 
and R, galvanometers, voltmeters, ammeters, watt-meters, Wheat- 
stone Bridge, Potentiometer, thermal electromotive force and its 
application in electric measurement. 

Induced Electromotive Force: Faraday’s experiments on electro- 
magnetic induction, Lenz’s law, electromotive force in a moving 
straight wire, the induction coil, simple transformer, simple gener- 
ator, back electromotive force. 

Capacitance: Charge and voltage relations, factors affecting 
capacitance, energy in a charged capacitance, capacitance in series 
and in parallel, current and time relations in a DC Circuit with 
capacitance. 

Inductance: Fundamental idea of inductance, factors determining 
inductance, energy stored in the magnetic field of an inductance, 
mutual inductance, current and time relations in a DC Circuit with 
inductance. 

Alternating Currents: Simple AC generator, effective value of an 
alternating electromotive force and current, capacitance and induct- 
ance in AC Circuits, power relations, power factor. 

Thermionics: Edison effect, simple diode characteristics, triode 
characteristics, cathoderay oscillograph, X-ray production, the 
photoelectric cell. 
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Recommended Laboratory Experiments: 
1. Electrostatic phenomena, a qualitative study of: 
2. A study of the magnetic field about a permanent magnet, 
plotting of a field with location of neutral points. 
*3. Use of the tangent galvanometers to determine H. 
*4. The magnetometer and magnetic pendulum method of 
measurement of H. 
. The d’Arsonval galvanometer, sensitivity measurements. 
. A study of the effect of galvanometer shunts. 
Wheatstone bridge, series and parallel resistance measure- 
ments. 
8. Measurement of resistivity, direct deflection method. 
9. Voltmeter and ammeter measurements in a simple series 
circuit containing a gravity cell. 
10. Measurement of temperature coefficient of resistance. 
11. Measurement of capacitance, series and parallel capaci- 
tances. 
12. Joule’s law, Barnes’ constant flow calorimeter method. 
*13. Bridge method of comparing inductances. 
14. Faraday’s laws of electrolysis. 
15. Simple diode characteristics. 
16. Triode characteristics. 
17. Intensity of light effect on electric current of photoelectric 
cell. 


Suggested Texts: 

Two groups of texts are named, Group A being more definitely 
texts for engineering students, Group B more elementary texts re- 
quiring less mathematical preparation. 


NID on 


Group A Group B 
Anderson. Eldridge. 
Hausmann and Slack. Foley. 
Perkins. Howe. 
Robeson. Kimball-Wold. 
Saunders. Stewart. 
Shrader. 

Smith. 
Weniger. 


Engineering Drawing: AST-001 
Use of instruments. 
General machine drawing and technical sketching. 
* Equipment for experiments marked with asterisk is not likely to be available 


from supply houses. Institutions which already possess this equipment might 
assign these experiments. Others will be satisfied to arrange demonstrations. 
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Basic geometric arrangements. 
Arrangements of views. 
Plan, elevation, auxiliary, section views, conventions, 
standards. 
Dimensioning: Use of scales. 
Size, location, tolerance and limits. 
Reading of shop drawings, and accompanying specifications. 
Fastening devices: threads, belts, nuts, screws, welds, etc. 
Intersections and developments. (Sheet metal layouts.) 
Elements of lofting and geometric principles of a short term 
nature and incidental to the above program. 
Principles of duplications of drawings. 


Suggested Texts: 

. French, Engineering Drawing. 

. Giesecke, Mitchell, Spencer, Technical Drawing. 
. Jordan and Hoelscher, Engineering Drawing. 

. Meadowcroft, Aircraft Detailed Drafting. 

. Schumann, Technical Drafting. 

Svenson, Machine Drawing. 


Oor wd 


The Course in American History 


This outline indicates the areas of instruction on which emphasis 
should be placed. It is not intended to prescribe the course of 
study in detail. Reliance is placed on the instructor’s initiative 
and resourcefulness and on his judgment in utilizing materials and 
techniques of teaching. 


OBJECTIVES OF THE COURSE: 

It is important that each trainee completing the basic phase of 
the Army Specialized Training Program should have a sound knowl- 
edge and understanding of American History. 

The objectives of this course are to give him: 

I. 1. A sound knowledge and understanding of the origins of 
American institutions (social, economic, political, and military), 
tracing their roots to their Old World sources; of the Europe from 
which the colonists and later immigrants came, why they came and 
what they brought with them; of the resultant problems of ad- 
justment. 

2. A sound knowledge and understanding of the struggle for 
American unity and the emergence of American national conscious- 
ness; of the westward movement and the expansion of the American 
domain to its continental limits; of the growth of sectionalism, and 
the War between the States; of the subsequent reconstruction of 


the nation. 
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3. A knowledge and understanding of the emergence of the 
United States as a world power; of changes in national point of view 
which that development imposes on the people; of the responsi- 
bilities for international leadership which have been created and 
which America must assume; of our developing relationships with 
the nations of South America, Europe, and Asia. 

4. A knowledge and understanding, through the foregoing, of 
the trends, movements, and events which have led to World War 
II; of the fundamental issues involved; of the problems and oppor- 
tunities which will follow the conclusion of the War. 

II. A sound knowledge and understanding of the growth of 
representative, constitutional government and political democracy; 
of the tripartite governmental powers; of the federal idea in opera- 
tion; of states’ rights and the trends toward centralization; of civil 
rights and liberties, and the civil responsibilities which accompany 
them; of these governmental principles and practices as instru- 
mentalities for the establishment of the worth and dignity of the 
individual. 


Comment: 

No field of investigation and instruction is subject to wider 
variations of approach, development, and technique than that of 
history; in none has the instructor freer choice in the selection of 
basic materials, in determining the range or the absence of indoc- 
trination, in providing the stimulus to independent thought on the 
part of his students. In such a controversial field, formalization 
into a fixed pattern is undesirable. 

It is believed, however, that the objectives set forth above should 
be sought in a spirit unreservedly in consonance with the ideas and 
ideals for which the nation is fighting. This principle should simi- 
larly govern the distribution of the limited time available and the 
relative emphasis given the different areas of study. 

Each trainee should be thoroughly impressed throughout the 
course with a sense of the personal responsibility which rests upon 
him (and upon every other citizen) to preserve and strengthen the 
American way of life. This involves the consideration of such 
characteristics of American life as freedom of opinion and speech, 
freedom of assembly and worship, equality of opportunity, and 
equality of justice under the law. It also involves consideration 
of the individual obligation of restraint in the exercise of these 
freedoms as it affects the common good. 

Instruction should take a realistic middle-of-the-road interpre- 
tation of historical truths, avoiding the tendency on the one hand 
of belittling the importance of America’s part in the world drama 
and avoiding, on the other, the tendency to gloss over the nation’s 
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failures and shortcomings. Such procedure, it is believed, will 
develop in the trainee the rational and realistic point of view wanted 
in a man who is being trained for the battlefield. 


Coordination of Courses: 

The accelerated nature of the courses in English, history, and 
geography requires coordination of instruction and use of common 
materials so far as possible. Richness of content will be achieved 
by drawing freely upon the resources of all related departments. 
It is suggested that a central committee be established in each insti- 
tution to coordinate these functions and achieve these ends. 

The objectives of the course have been stated broadly to permit 
maximum latitude in development. The Army Specialized Train- 
ing Division is prepared to serve as a clearing house for suggestions 
as to methods and materials of instruction used by participating 


institutions. 
English: AST-111 


The following material indicates the areas of instruction on which 
emphasis should be placed. It is not intended to prescribe the 
course of study in detail. Experience indicates that reliance can 
be placed on the capable instructor’s initiative and resourcefulness 
and on his judgment in utilizing materials and choosing his tech- 
niques of teaching. 


OBJECTIVES OF THE COURSE: 

The end-product of the Army Specialized Training Program is 
an officer candidate who will, after further specialized training, 
function effectively in a position of command. He must, therefore: 

1. Be a clear thinker. 

2. Possess the skill of orderly, concise, and appropriate com- 
munication, both oral and written, including the ability to observe 
and report accurately. 

3. Possess the ability to listen and to read understandingly. 

4. Know the basic forms of military communication. 

In view of the limited time available for instruction in English, 
it is particularly important that this instruction be reinforced by 
requiring trainees in all classes to write and speak with deliberation, 
clearness, and correct language. 

It is urged that particular attention be paid to the development 
of the trainees’ powers of reasoning, imagination, and communica- 
tion, especially in relation to the study of American history and 
institutions by the use of biographies, historical works, and mate- 
rials having historical content—for purposes of analysis, discussion, 
and expository writing. This should not be done, however, to the 
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exclusion of poems, short prose articles, and selections from works 
of notable English and American writers which present the correct 
native idiom. 

The course, of thirty-six weeks duration, is the same for all basic 
trainees. Although the course is divided into three twelve-week 
terms, it is intended to provide continuous progressive training 
throughout the entire thirty-six weeks. 


FRAMEWORK OF INSTRUCTION: 

The following is a suggested framework of instruction, not con- 
fined to specific twelve-week terms, but continuing throughout the 
course: 


1. Reading. 

Close study of selected paragraphs to distinguish the centrai 
subject in each, the order in which facts are presented, the key 
sentences, the paragraph structure and the precision with which 
words are used. 

Analysis of material to discern the continuing thought and dis- 
tinguish the style of presentation, qualities of sustained interest, 
logic of development, major and minor ideas, cumulative power of 
persuasion, validity of conclusions. 

Examination of current critical writing; analysis of material to 
detect strong and weak generalizations, true and false analogies, 
impartial and biased opinions, hypothetical and categorical premises, 
emotional and intellectual conclusions. 


2. Writing. 

Instruction and practice to develop conciseness in expression, 
without omitting essential material. 

Instruction in proper usage; punctuation, grammar, vocabulary, 
and spelling. 

Instruction in outlining and note-taking. 

Practice in the accurate reporting of accurate observations. 

Instruction and practice in expository writing requiring sound 
structure, logical development, and continuity of thought and em- 
phasizing simplicity and lucidity of expression, with due emphasis 
on correct usage of the English idiom. 

Practice in the preparation of reports ana'yses, and criticisms. 
Basic material for this feature of the work should be drawn from 
readings in this course and in considerable degree from all other 
courses in the program. 

(A minimum of four hours instruction in the basic forms of 
military correspondence is required. The Commandant fwill 
collaborate in this instruction. Army Regulation 340-15 and 
“Orders,” Instructional Pamphlet No. 1, published by the 
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Infantry Journal, may be used as basic texts for military 
correspondence.) 


3. Speaking. 

Instruction and practice in oral presentation. Development of 
self-confidence and the ability to think on one’s feet. Development 
of sound habits of brevity, correct pronunciation and enunciation, 
conciseness of expression, and organization of material. Develop- 
ment of variations in emphasis through the correct use of such 
devices as volume of tone, acceleration and retardation of speed, 
and the use of the pause. Acquisition of adequate ease and fluency 
to speak extemporaneously, reasonably free from hesitation, force- 
fully and pleasingly, and coherently as to sentence and paragraph 
structure. Elimination of handicaps of speech such as the mono- 
tone, undesirable mannerisms and affectations. 

Presentations should be so well organized as to impress them- 
selves, in outline, on the listener’s memory. They should be sub- 
jected frequently to criticism by the hearers in terms of the speaker’s 
appearance, manner, adequacy, brevity, forcefulness, and organiza- 
tion of material. (See next section.) 


4. Listening. 

Development of concentration upon spoken remarks and the 
ability to understand what is said. Cultivation of ability to con- 
centrate upon speaker’s intended meaning and not to be diverted 
by idiosyncrasies of manner. Development of ability to repeat in 
listener’s own words the context of speaker’s remarks. 

Instruction in both speaking and listening will be strengthened 
by frequent panel discussions on current problems. 

The following is a list of suggested readings which will both 
provide material for the course in English and implement the study 
of the basic courses in history and geography. It is assumed that 
this list will be amplified as the instructor sees fit. 

Acton, History of Freedom, selections. 

Adamic, From Many Lands, selections. 

Beard, Old World and New, selections. 

Bok, Education of an American, selections. 

Bradford, History of the Plymouth Plantation, selections. 

Carnegie, selections on Anglo-American cooperation. 

Churchill, World Crisis, selections. 

Clay on Pan-Americanism. 

Emerson, selections, ‘‘Self-Reliance,’’ etc. 

Friedrich, New Belief in the Common Man, selections. 

Greeley, ‘“‘Go West,”’ editorial. 

Hagedorn, Life of Leonard Wood, selections. 
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Hay, selections of ‘‘Open Door”’ policy. 

Herring, Politics of Democracy, selections. 

Holmes, The Common Law, selections. 

Jefferson, Notes on Virginia, selections. 

Lincoln’s Second Inaugural and Gettysburg Addresses. 
Lippman, selections on early Twentieth Century problems. 
Locke, Of Civil Government, selections. 

Macaulay, History of England, selections. 

Mills, Liberty, selections. 

Nicolson, Peacemaking, 1919, selections. 

Paine, Common Sense, selections. 

Parrington, Main Currents of American Thought, selections. 
Roosevelt, selections, including the Four Freedoms. 
Rousseau, Social Contract, selections. 

Sandburg, selections on post-Civil War period. 

Schurtz, selections on civil service reform and melting pot. 
Tawney, Religion and the Rise of Capitalism, selections. 
Thoreau, Civil Disobedience, selections. 

Wilson, Congressional Government. 

Wilson, selections on the New Freedom. 

Whitehead, Science and the Modern World, chapter one. 
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CHEMICAL ENGINEERING 
Curricutum No. ChE-1 


Hrs. Hrs. 
AST per AST per 
Term 4 Nos. wk. Term 5 Nos. wk. 
Mathematics........ 401 5 Phys. Chemistry.....404 6 
Se 401 6 Org. Chemistry...... 405 10 
Quant. Anal......... 402 8 Unit Oper........... 415 6 
Phys. Chem......... 403 5 Mechanics.......... 401 6 
Ind. Chem. Cal...... 403 3 
Hrs. Hrs. 
AST per AST per 
Term 6 Nos. wk. Term 7 Nos. wk. 
Str. of Mat........4. 401 4 Unit Oper. Lab. II....418 8 
Unit Oper. IIT....... 416 3 Chem. Tech......... 406 7 
Ele. of El. Engr...... 401 8 | SS 410 5 
Unit Op. Lab. I..... 417 7 Chem. Engr. Prob....420 6 
Thermodynamics....335 5 
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ARMY SPECIALIZED TRAINING PROGRAM 
Mathematics: AST-401 


For description see Mathematics: AST-401 in Mechanical Engi- 
neering Curriculum No. ME-1. 


Qualitative Analysis: AST-401 


Prerequisite: Elementary Chemistry. 

Training in the theory and technique of qualitative analysis. 
After experience with known samples, unknowns should be success- 
fully analyzed. The lecture and recitation hours should permit the 
students to gain an understanding of the principles. 


Suggested Texts: 
1. McAlpine and Soule, Qualitative Chemical Analysis. 
2. Noyes and Swift, Qualitative Chemical Analysis of Inorganic 
Substances. 
3. Smith and Miller, Qualitative Chemical Analysis and the Re- 
lated Chemical Principles. 


Quantitative Analysis: AST-402 


Prerequisite: Elementary Chemistry. 

Standard methods of volumetric and gravimetric analysis of un- 
known samples. The lecture and recitation period is employed to 
explain the various procedures and to give practice in calculations. 


Suggested Texts: 
1. Hall, W. T., Textbook of Quantitative Analysis. 


Physical Chemistry: AST-403-404 


Prerequisites: General Chemistry, Mathematics through Differ- 
ential Calculus. 

Properties of gases, liquids and solids, elementary thermo- 
dynamics, solutions, electrolytes, colloids, thermochemistry, phase 
equilibrium, chemical equilibrium, chemical kinetics, electrochem- 
istry, photochemistry, atomic structure. The principles should be 
profusely illustrated by many simple problems assigned to the 
students. The laboratory work would consist of about ten typical 
measurements such as molecular weight determination, vapor pres- 
sure, heat of solution, equilibrium constant, reaction velocity 
constant, binary liquid-vapor equilibrium, solubility, etc. 


Suggested Texts: 

1. Getman-Daniels, Outlines of Theoretical Chemistry. 

2. Millard, E. B., Physical Chemistry for Colleges. 

3. Noyes and Sherrill, A Course of Study in Chemical Principles. 
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Industrial Chemical Caulclations: AST-403 


Prerequisites: Elementary Chemistry and Mathematics through 
Differential Calculus. 

Weight and composition, stoichiometry, density and volumes of 
ideal gases and of gas mixtures, vaporization and condensation, 
thermophysics, thermochemistry, thermochemistry of industrial 
reactions and fuels, weight and heat balances of chemical and 
metallurgical processes. Emphasis on problems. 


Suggested Texts: 
1. Hougen and Watson, Industrial Chemical Calculations. This 
text includes a number of excellent examples and problems. 


Physical Chemistry: AST-404 


For description, see Physical Chemistry AST-403-404 listed 
under 4th Term. 


Organic Chemistry: AST-405 


Prerequisites: General Chemistry. 

The subject matter of organic chemistry is fairly well stand- 
ardized and there is no need to present a topical outline. Broadly 
speaking, it deals with the compounds of carbon—their preparation, 
properties and uses. It should treat the most important (from an 
industrial viewpoint) classes of aliphatic, aromatic, alicyclic and 
heterocyclic compounds. All through the course it is desirable to 
arouse the student’s interest by reference to compounds of impor- 
tance to industry and to point out important applications. A good 
example is synthetic rubber. 

Laboratory courses are also thoroughly organized and consist 
in the preparation of typical compounds and some simple tests for 
identification of organic compounds. 


Suggested Texts: 
1. Conant and Tishler, The Chemistry of Organic Compounds. 
2. J. F. Norrie, Principles of Organic Chemistry. 


Unit Operations I: AST-415 


Prerequisite: Physics, Mathematics through Integral Calculus. 
Fluid flow, heat transfer, evaporation, filtration, crushing and 
grinding, and introduction to diffusional operations. 


Suggested Texts: 
1. Badger and McCabe, Elements of Chemical Engineering. 
2. Walker, Lewis, McAdams and Gilliland, Principles of Chemi- 
cal Engineering. 
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Mechanics: AST-401 


For description see Mechanics: AST-401 in Mechanical Engi- 
neering Curriculum No. ME-1. 


Strength of Materials: AST-401 


For description see Strength of Materials: AST-401 in Mechani- 
cal Engineering Curriculum No. ME-1. 


Unit Operations IT: AST-416 


Prerequisite: Unit Operations I. 

Distillation, absorption, extraction, and air conditioning and 
drying. 
Suggested Texts: 

Same as in Unit Operations I. 


Elements of Electrical Engineering: AST-401 


For description see Elements of Electrical Engineering: AST-401 
in Mechanical Engineering Curriculum No. ME-1. 


Unit Operations Laboratory I: AST-417 


One seven-hour laboratory period and one conference hour for 
one term. It is suggested that a part of each period be used for 
the computations as only 4 hours are allowed for report writing per 
laboratory period. Laboratory I covers subjects treated in Unit 
Operations I. 

Thermodynamics: AST-335 


Prerequisite: Mathematics through Integral Calculus, Physical 
Chemistry. 

Definitions and fundamental concepts, first law of thermo- 
dynamics, second law of thermodynamics, the thermodynamic 
functions, equations of equilibrium, pressure-volume-temperature 
relations of fluids, thermodynamic properties and diagrams, com- 
pression and expansion of gases, heat effects of physical and chemical 
processes, refrigeration, heat engines, third law of thermodynamics, 
chemical equilibria, vaporization equilibria, vaporization processes. 

The subject matter should be well illustrated by the assignment 
of numerical problems. 


Suggested Texts: 
There is no one textbook which adequately covers the various 
parts of thermodynamics in which the chemical engineer 
is interested. It will probably be desirable for the teacher 
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to use a combination of texts selected from the following 

list: 

. Ebaugh, N. C., Engineering Thermodynamics. 

. Faires, V. M., Applied Thermodynamics. 

Hougen and Watson, Jndustrial Chemical Calculations. 

. Keenan, J. H., Thermodynamics. 

Lewis and Randall, Thermodynamics and the Free Energy of 
Chemical Substances. 

. Weber, H. C., Thermodynamics for Chemical Engineers. 


for) 


Unit Operations Laboratory II: AST-418 


One seven-hour laboratory period and one conference hour for 
one term. This follows the same plan as the first laboratory, but 
the experiments would lie in the field of subjects covered in Unit 
Operations II. 


Chemical Technology: AST-406 


Prerequisite: General Chemistry, Analytical Chemistry, and 
Industrial Chemical Calculations. 

The object of this course is to give a brief survey of the most 
important processes used in chemical industry from the standpoint 
of raw materials, economics, equipment and underlying physical 
and chemical principles. A typical list of subjects treated might 
include the following: Raw materials, water supplies, fuels, coal 
products, acids, alkalies, salts, explosives, chemicals used in warfare, 
fixed nitrogen, metallurgical processes, metals, control of chemical 
processes, plastics, rubber, petroleum products, synthetic organic 
chemicals, paints and varnishes and electrochemical industries. 

The laboratory work would be largely confined to the testing 
and analysis of important industrial materials. 

Typical Tests: Proximate analysis of coal, hardness of water, 
analysis of fuel and flue gases, viscosity and specific gravity of oils, 
distillation of gasoline, heat of combustion of coal or gas, boiler 
water tests, nitrogen in explosives, pH measurements, steel analysis, 
calibration of thermocouples. A laboratory properly equipped 
might include one or two experiments on chemical processes such 
as sulphonation, nitration, oxidation and the like. 


Physical Metallurgy: AST-410 


Prerequisite: Physical Chemistry. 

Structure of metals and alloys interpreted by phase diagrams. 
The laboratory work consists chiefly in microscopical examination 
of specimens with an introduction to the preparation of specimens 
and of photomicrographs. Structure should be correlated with 
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physical properties, and it is desirable for students to be introduced 
to heat treating and mechanical testing apparatus. 
Suggested Texts: 


1. Desch, C. H., Metallography. 
2. Williams and Homerberg, Principles of Metallography. 


Chemical Engineering Problems: AST-420 


Prerequisite: Unit Operations II. 

The integration of material covered in Unit Operations, Chemi- 
cal Technology, Physical Chemistry, Thermodynamics, Mechanics, 
et al., by solution of comprehensive problems. Experience is also 
to be gained in searching for the physico-chemical data required. 
An excellent list of typical problems is given by O. A. Hougen, 
“‘Comprehensive Problems in Chemical Engineering,” pp. 323—40, 
in Collected Papers on the Teaching of Chemical Engineering, pub- 
lished by the American Institute of Chemical Engineers, 1940. 


Suggested Texts: 
1. Perry, Chemical Engineers’ Handbook. 
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Advanced Phase 


CIVIL ENGINEERING 
CurricuLum No. CE-1 


Hrs. Hrs. 
AST per AST per 
Term 4 Nos. wk. Term 5 Nos. wk. 
Mathematics........ 401 5 eae Bs uk 401 4 
Mechanics.......... 401 6 Mat. Test. Lab... ...401 3 
Surv. (Elem.)....... 407 6 Stress Anal.......... 413 5 
Ele. of El. Engr...... 401 8 Fluid Mech.........401 4 
Eng. Dr.—Struct. Sur.—Advanced.....408 5 
Drafting. ........ 408 3 Int. Comb. Eng......405 6 
Hrs. 
AST per 
Term 6 Nos. wk. 
Str. Design......... 403 7 
Water Sup. & Sewer- 
IS Sines pane 403 6 
2 a ee ee 403 6 
Foundations........ 403 6 


Eng. Dr.—Topo. 
ee 409 3 
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ARMY SPECIALIZED TRAINING PROGRAM 
Mathematics: AST-401 . 


For description see Mathematics: AST-401 in Mechanical Engi- 
neering Curriculum No. ME-1. 


Mechanics: AST-401 


For description see Mechanics: AST-401 in Mechanical Engi- 
neering Curriculum No. ME-1. 


Surveying (Elementary): AST-407 


Measurement of distance; measurement of differences in eleva- 
tion; measurement of directions and angles; the stadia; traversing 
and making locations; laying out of buildings, sewers and other 
structures; methods of computation; coordinates and areas. Topo- 
graphic surveying, field problems illustrative of classroom topics. 


Suggested Texts: 
1. Bouchard, Surveying. 
2. Breed, Surveying. 
3. Davis, Elementary Plane Surveying. 
4. Rayner, Elementary Surveying. 


Elements of Electrical Engineering: AST-401 


For description see Elements of Electrical Engineering: AST-401 
in Mechanical Engineering Curriculum No. ME-1. 


Engineering Drawing—Structural Drafting: AST-408 


Drafting of timber and structural steel details, design and shop 
drawings, conventions and marking systems; erection diagrams, 
beam and column connections; roof and bridge truss details; plate 
girders. The emphasis on this course is to be placed on the develop- 
ment of the ability to read and use engineering drawings, and on 
the rapid production of legible structural drawings. 


Suggested Texts: 
1. French, Engineering Drawing, 5th Edition. 
2. Giesecke, Mitchell, Spencer, Technical Drawing. 
3. Schumann, Technical Drafting. 
4. Svensen, Machine Drawing. 


Strength of Materials: AST-401 


For description see Strength of Materials: AST-401 in Mechani- 
cal Engineering Curriculum No. ME-1. 
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Materials Testing Laboratory: AST-401 


For description see Materials Testing Laboratory: AST-401 in 
Mechanical Engineering Curriculum No. ME-1. 


Stress Analysis: AST-413 


Theory of Simple Structures. Reactions for fixed loads; alge- 
braic and graphic determination. Stresses in simple trusses; fixed 
loads; algebraic resolution of forces, graphic diagram—Bow’s 
method, algebraic method by sections—shears and moments. De- 
termination of loads; dead load, live load, impact, wind loads, ete. 
Parallel chord bridge trusses; method of coefficients for dead and 
moving uniform live loads, influence diagrams, impact stresses and 
maximum combinations. Bridge trusses with inclined chords; 
method of sections by moments. Wind stresses; lateral systems, 
simple portals, approximate methods, stresses in a mill building 
frame. Beams and girders; shears and bending moments, shear and 


moment diagrams. 


Suggested Texts: 
1. L. E. Grinter, Theory of Modern Steel Structures, Vol. I. 
2. Clyde T. Morris, Simple Steel Structures. 
3. Shedd and Vawter, Theory of Simple Structures. 
4. E. 8S. Sheiry, Elements of Structural Engineering. . 
5. Sutherland and Bowman, Structural Theory. 


Fluid Mechanics: AST-401 


For description see Fluid Mechanics: AST-401 in Mechanical 
Engineering Curriculum No. ME-1. 


Surveying—Advanced: AST-408 


Vertical and horizontal curves as related to railroads, highways 
and pipelines; measurement and computation of earthwork for con- 
struction operations; study of reconnaissance, preliminary and 
location surveys for rights of way; engineering astronomy; field 
problems illustrative of classroom topics, including topographic 
surveying and the determination of latitude and longitude. 


Suggested Texts: 
1. Bouchard, Surveying. 
2. Breed, Surveying. 
3. Davis, Elementary Plane Surveying. 
4. Rayner, Elementary Surveying. 
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Internal Combustion Engines: AST-405 


Principles of the design, construction and operation of internal 
combustion engines. Laboratory work to familiarize the students 
with the operation and adjustment of the internal combustion 
engine, and the calibration and use of instruments for measuring 
pressure, temperature, power, velocity, quantity of material, gas 
composition, etc. Simple tests on engines, centrifugal pumps, fans, 
and the like. 


Suggested Texts: 
1. Ensign and Lichty, The Internal Combustion Engine. 
2. Taylor and Taylor, The Internal Combustion Engine. 


Structural Design: AST-403 


Elementary design of structures in wood, steel, and concrete. 
Principles of statically indeterminate analysis, deflection of beams, 
trusses, and analysis of indeterminate structures. 


Suggested Texts: 
1. Urquhart, O’Rourke, Elementary Structural Analysis and 
Design. 


Water Supply and Sewerage: AST-403 


Principles of the design, construction and operation of public 
water supply and sewerage systems. Water purification and treat- 
ment. Sewage treatment. 


Suggested Texts: 

. Babbitt, Sewerage and Sewage Disposal. 

. Doland and Babbitt, Water Supply Engineering. 
. Hardenbergh, Water Supply Engineering. 

. Hardenbergh, Sewerage and Sewage Disposal. 

. Steel, Water Supply and Sewerage. 

. Waterman, Water Supply Engineering. 


oor WHE 


Transportation: AST-403 
Elements of the design, construction and maintenance of high- 
ways, railways, and airways. 
Foundations: AST-403 


An introduction to the physical and mechanical properties of 
soil which govern its behavior as an engineering material. Piles 
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and pile foundations, spread footings, plain and reinforced; ordinary 
foundations; caissons; subaqueous foundations. Investigation of 
gravity retaining walls; counterforts; reinforced concrete walls. 


Engineering Drawing—Topographic Drafting: AST-409 


Principles of topographical drawings and map projections; 
methods of plotting; conventional symbols; representatives of relief 
by contours and the solution of problems related thereto; exercises 


in map making. 
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Advanced Phase 


ELECTRICAL ENGINEERING 
CurricuLtum No. EE-1 


Hrs. Hrs. 
AST oper AST per 
Term 4 Nos. wk. Term 5 Nos. wk. 
Mathematics........ 401 5 El. Circuits.........414 11 
Mechanics.......... 401 6 Eng. Math.......... 403 3 
BEES So aay oo bes 403 6 er. ee ess 401 4 
El. & Mag. Ph.......405 8 Mat. Tes. Lab....... 401 3 
Shop Pract.......... 406A 3 Dir. Cur. Mach...... 409 6 
Hrs. Hrs. 
AST oper AST per. 
Term 6 Nos. wk. Term 7 Nos. wk. 
(Communications Specialists) 
El. & Ass. Cir., High Fre. & U. H. F. 
Theory & Lab.....415 11 Cir. & Lab........420 12 
El. Cir.—Tran...... .416 5 Com. Networks.... . .422 6 
El. Cir.—Dis. Con... .417 3 Servo-Mech. & Con. 
Al. Cur. Mach....... 410 8 Devices...... ...424 6 
Rad. & Prop........426 3 
(Power Specialists) 
Pee See 411 7 BAS eee. i aS 412 9 
El. & Ass. Cir....... 415 10 Servo-Mech. & Con. 
El. Cir.—Tran.......416 5 MNS. kiya s ss ws 424 6 
Thermodynamics. . . .401 5 Int. Com. Eng....... 410 6 
Int. Com. Eng. Lab.. .411 4 
El. Power Tran...... 412 3 
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ARMY SPECIALIZED TRAINING PROGRAM 
Mathematics: AST-401 


For description see Mathematics: AST-401 in Mechanical Engi- 
neering Curriculum No. ME-1. 


Mechanics: AST-401 


For description see Mechanics: AST-401 in Mechanical Engi- 
neering Curriculum No. ME-1. 


Electrical Measurements: AST-403 


A laboratory course. Introduction to the use of electrical meas- 
uring instruments and methods. Laboratory technique, including 
set-up of equipment and use of hand tools for assembly and wiring 
of laboratory devices. Measurement of electric and magnetic cir- 
cuit quantities. 


Suggested Texts: 
1. Laws, Electrical Measurements. 


Electric and Magnetic Phenomena: AST-405 


Establishment of basic concepts of electrical engineering, and 
definition of quantities used. The electric circuit, component parts, 
relations. The magnetic circuit. Properties of magnetic materials. 
The magnetic field. Generated voltages. Forces on conductors. 
Solutions of simple circuit problems. 


Suggested Texts: 
1. Attwood, Electric and Magnetic Fields. 
2. Bennett and Crothers, Introductory Electrodynamics for Engi- 
neers. 
3. Strong, Electrical Engineering, Basic Analysis. 
4. Timbie and Bush, Principles of Electrical Engineering. 


Shop Practices: AST-406A 


Classification, use, and maintenance of tools; measuring and 
gaging; wood working; metal working; electric soldering iron prac- 
tice; soldering splices, cords, plugs, and radio equipment; torch 
soldering and welding practice. Lectures, movies, and demonstra- 
tions of basic manufacturing methods. 

Note: See Shop Practices AST-406 which covers more material 
than AST-406A. Requirements for AST-406A may be met by a 
choice of elements from AST-406. 
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Electric Circuits (D.C. and A.C.): AST-414 


A study of the principles of electric circuit theory. Kirchhoff’s 
Laws and network theorems applied to d.c. circuits. Alternating 
current quantities. Effective values. Exponential and complex 
numbers applied to alternating current quantities. Alternating- 
current circuits. Kirchhoff’s laws applied to alternating current 
circuits. Single-phase and polyphase circuits. Power and energy 
measurement. Network theorems. Non-sinusoidal waves of volt- 
age and current. Fourier series. Harmonic analysis. 


Suggested Texts: 
Texts for D.C. circuits included in “Electric and Magnetic 
Phenomena AST-405” or ‘‘D.C. Machinery AST-409.” 
1. Kerchner and Corcoran, Alternating Current Circuits. 
2. Tang, Alternating Current Circuits. 


Engineering Mathematics: AST-403 


This course is to include those topics peculiar to engineering 
problems not covered in Mathematics AST-401, and a more ex- 
haustive study of topics previously covered. 


Strength of Materials: AST-401 


For description see Strength of Materials: AST-401 in Mechani- 
cal Engineering Curriculum No. ME-1. 


Materials Testing Laboratory: AST-401 


For description see Materials Testing Laboratory: AST-401 in 
Mechanical Engineering Curriculum No. ME-1. 


Direct Current Machinery: AST-409 


A study of direct current machines. Construction. Operation. 
Characteristics and Applications. 


Suggested Texts: 
1. Kloeffler, Brenneman, and Kerchner, Direct Current Ma- 
chinery. 
2. Langsdorf, Principles of D.C. Machines. 


Laboratory: 
A laboratory study of the characteristics of direct current 
machinery, 
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Electronics and Associated Circuits, Theory and Lab.: AST-415 


Fundamentals of Electronics and application to communication 
circuits. Principles of operation of electronic devices. Analysis 
of behavior of electronic devices in circuits. Audio-frequency 
amplifiers. Radio-frequency amplifiers. Feedback. Oscillators. 
Modulation and demodulation. 


Suggested Texts: 
1. Dow, Engineering Electronics (parts of). 
2. Millman and Seely, Electronics (parts of). 
3. Reich, Theory and Application of Electron Tubes (parts of). 
4. Terman, Radio Engineering. 


Laboratory: 

Laboratory study of electronic devices and associated circuits. 
Characteristics of vacuum and gas-filled tubes. Properties 
of circuit elements at high frequencies. Amplifier circuits. 
Power supplies. Oscillations. Modulators and demodulators. 


Suggested Texts: 
1. Terman, Measurements in Radio Engineering. 


Electric Circuits—Transients: AST-416 


A study of the electric circuit with special emphasis on the 
transient state. Transients in d.c. and a.c. circuits. Non-linear 
circuits. 


Suggested Texts: 
1. Guillemin, Communication Networks, Vol. I. 
2. Kurtz and Corcoran, Introduction to Electric Transients. 
3. Skilling, Transient Electric Currents. 


Electric Circuits—Distributed Constants: AST-417 


A study of the electric circuit with distributed parameters. 
Voltage and current distribution in the steady state. Character- 
istics of open and coaxial lines. Use of line as a circuit element. 
Use of line as a measuring device. Loading. Impedance matching 
and stubbing. 


Suggested Texts: 


1. Everitt, Communication Engineering. 
2. Ware and Reed, Communication Circuits. 
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Alternating Current Machinery: AST-410 


A study of alternating current machinery. Construction. Op- 
eration. Characteristics and applications. Emphasis on trans- 
formers and induction machinery. Selsyn devices. 


Suggested Texts: 


1. Dawes, Electrical Engineering. 
2. Hehre and Harness, Electric Circuits and Machinery, Vol. II. 


Laboratory: 
A laboratory study of the characteristics of A.C. machinery. 


High Frequency and Ultra High Frequency Circuits: AST-420 


A continuation of the electronics and high frequency circuit 
course, and an extension into the ultra high frequency field. Special 
devices used in the generation of 7 u.h.f. Behavior of circuits at 
u.h.f. Radiation and antenna arrays. Wave guides. Horns and 
parabolas. 


Suggested Texts: 
1. Brainerd and others, Ultra-high-frequency Techniques. 
2. Reich, Theory and Application of Electron Tubes. 
3. Terman, Radio Engineering. 


Laboratory: 
A continuatien of the electronics and high frequency laboratory 
with special emphasis on ultra high frequency techniques. 


Communication Networks: AST-422 


Properties and synthesis of transmission networks and filters. 
General properties of networks. Propagation and impedance func- 
tions. Networks as a wave filter. Derived type of filter. Com- 
posite filters. Corrective networks. Generalized filter theory and 


network synthesis. 


Suggested Texts: 
1. Guillemin, Communication Networks, Vols. I and II. 
2. Shea, Transmission Networks and Wave Filters. 


Servo-Mechanisms and Control Devices: AST-424 


General treatment of automatic control devices, including me- 
chanical and electronic relays, thrustors, selsyn motors, amplidynes, 
and similar types of machines. 
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Suggested Texts: 
Current literature, manufacturers’ instruction bulletins, and 
lecture notes. 


Radiation and Propagation: AST-426 


Electromagnetic waves, current and voltage distribution on 
antennas, electromagnetic radiation, field distribution, directional 
antennas, propagation of electric waves, ionosphere, ground wave, 
sky wave, direct wave, fading characteristics. 


A.C. Machinery: AST-411 


An intensive study of the theory of construction and charac- 
teristics of Alternators, Synchronous Motors, and Transformers. 
Special attention will be given to the fundamental concepts of 
magnetomotive forces and leakage reactances which control the 
characteristics of the machine. 

Note: See A.C. Machinery: AST-412 in 7th term for continua- 
tion of this course. 


Suggested Texts: 
1. Bryant, A.C. Machinery. 
2. Lawrence, A.C. Machinery. 
3. Langsdorf, A.C. Machinery. 
4. Richstein and Loyd, A.C. Machinery. 


Thermodynamics: AST-401 


For description see Thermodynamics: AST-401 in Mechanical 
Engineering Curriculum No. ME-1. 


A.C. Machinery: AST-412 


A continuation of AST-411 covering polyphase and single phase 
induction motors, synchronous convertors, polyphase rectifiers, and 
variable speed alternating current motors. 

Note: See A.C. Machinery: AST-411 in 6th term for preliminary 
course. 


Suggested Texts: 
Same as A.C. Machinery: AST-411. 
Internal Combustion Engines: AST-410 


For description see Internal Combustion Engines: AST-410 in 
Mechanical Engineering Curriculum No. ME-1. 
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Internal Combustion Engines Laboratory: AST-411 
For description see Internal Combustion Engines Laboratory: 
AST-411 in Mechanical Engineering Curriculum No. ME-1. 
Electric Power Transmission: AST-412 


A study of the electrically long power circuit. Current and 
voltage distribution. Power flow and power limits. Introduction 
to stability. Voltage regulation and adjustment. 


Suggested Texts: 
1. Loew, Electrical Power Transmission. 
2. Woodruff, Electric Power Transmission. 


ARMY SPECIALIZED TRAINING PROGRAM 
Advanced Phase 


MECHANICAL ENGINEERING 
CurricuLuM No. ME-1 


Hrs. Hrs. 
AST per AST per 
Term — Nos. wk. Term - Nos. wk. 
Mathematics........401 5 Gir ar ret. 401 4 
Mechanics.......... 401 6 Mat. Test. Lab... ...401 3 
, | Se area 401 5 Int. Com. Eng... ....410 6 
Engr. Draw......... 406 4 Mech. Lab..........420 3 
Seon Pract... ...:. i. 406 6 Kinematics. ........402 6 
Met. & Heat Treat... .430 4 
Hrs. 
AST per 
Term — Nos. wk. 
Mech. Vib..........410 3 
Mach. Design....... 408 9 
Fluid Mech......... 401 4 
Int. Com. Eng., Lab. .411 4 
Ele. of El. Engr...... 401 8 


ARMY SPECIALIZED TRAINING PROGRAM 
Mathematics: AST-401 


Prerequisite: Differential Calculus. 
Formal integration completed with further application, including 
pressure and work. Radius of Curvature. Curvilinear Motion. 
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Infinite Series: (a) Convergence and Divergence, (6) Maclaurin and 
Taylor Series, (c) Applications to Computation. Partial Differ- 
entiation with applications. Double and triple integration. Cen- 
ters of gravity. Moments of inertia. Differential equations: 
(a) Linear of first order, (b) Second order with constant coefficients; 
particular integral to be found by method of undetermined coeffi- 
cients. In differential equations, as throughout the whole work 
in calculus, emphasis is to be placed on applications to physical 
problems. 


Suggested Texts: 
1. Granville, Smith, and Longley, Differential and Integral Cal- 
culus. 
2. Love, Differential and Integral Calculus. 
3. Miller, Calculus. 
4. Sherwood and Taylor, Calculus. 


Mechanics: AST-401 


Statics: Scalers and vectors; resolution and composition of forces; 
moment of forces; couples; resultants of force systems, algebraically 
and graphically; equilibrium of force systems, algebraically and 
graphically; bridge trusses. Friction: laws and applications. First 
and second moments. 

Dynamics: Linear and angular displacements, velocities and 
accelerations of particles and rigid bodies, motion of projectiles; 
relative motion; Newton’s Laws as applied to bodies in translation, 
rotation and plane motion. Work-kinetic energy relationship for 
bodies in translation, rotation, and plane motion. Power and 
efficiency of machines. Impulse-momentum relationships of bodies 
in translation, rotation and plane motion. Conservation of mo- 
mentum. 


Suggested Texts: 
1. Boyd, Mechanics. 
. Brown, Engineering Mechanics. 
. Fairman and Cutshall, Engineering Mechanics. 
Maurer and Roark, Technical Mechanics. 
. Poorman, Applied Mechanics. 
. Seely and Ensign, Analytical Mechanics for Engineers. 


D> rh w bo 


Thermodynamics: AST-401 


The object of this course is especially to prepare the students 
for the study of the internal combustion engine and the gas turbine. 
The theoretical topics are mentioned. The order in which topics 
are mentioned is not intended to be the order of their presentation. 
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Each teacher will prefer his own time table. Some of the topics 
must obviously be treated briefly. 

Gas laws. The ideal gas equation of state. The gas constant, 
universal and individual. The pressure-volume, temperature- 
volume, and pressure-temperature diagrams. 

Energy and the energy law. Heat and work. Specific heats 
and their ratio and difference. Adiabatic processes. Polytropic 
processes. Air compression and the compressed air engine. 

The Carnot cycle, as the standard of excellence, as the basis of 
the absolute scale of temperature, and as the index of ideal avail- 
ability. Entropy and unavailability. The temperature-entropy 
diagram. Reversibility. The heat pump. 

The Brayton, Otto, and Diesel cycles, with brief mention of 
their execution in internal combustion engines and the gas turbine. 

Steady flow processes and equations (energy and continuity). 
The enthalpy-entropy and enthalpy-volume diagrams. Nozzles for 
metering, for the jet pump, and for the turbine. 

Liquids and vapors. Two-phase states. Steam tables and 
charts. Steam power. Vapor refrigeration. 

Mixtures of gases and of gas vapor. Dalton’s law of partial 
pressures. Gas analysis. Atmospheric humidity. Psychrometric 


chart. Air conditioning. 


Suggested Texts: 
1. Barnard, Ellenwood, and Hirshfeld, Elements of Heat-Power 
Engineering. 

2. Ellenwood and Mackey, Vapor Charts. Gives charts for 
steam, liquid water, ammonia, Freon 12, psychrometric 
chart, and tables for barometer correction, for jet veloc- 
ity, and squares of numbers. 

. Faires, V. M., Applied Thermodynamics. 

Keenan and Keyes, Thermodynamic Properties of Steam. 
Kiefer and Stuart, Principles of Engineering Thermodynamics. 
Marks, Lionel S., Mechanical Engineers’ Handbook, Fourth 

Edition, Sections 4, 7, 9, 14, 16. 

Young and Young, Elementary Engineering Thermodynamics. 


D> or o0 


Engineering Drawing: AST-406 


Detail and assembly drawings: Simple mechanisms and machines 
—representation, idioms, conventions, specifications and reading. 
Empirical drawings and charts. Jigs and Fixtures (basic principles). 


Suggested Texts: 
1. French, Engineering Drawing. 
2. Giesecke, Mitchell, Spencer, Technical Drawing. 
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. Jordan and Hoelscher, Engineering Drawing. 
Meadowcroft, Aircraft Detailed Drafting. 
Schumann, Technical Drafting. 

. Svensen, Machine Drawing. 


D> or me oo 


Shop Practices: AST-406 


Objective: This laboratory course in shop theory and practice is 
intended not to produce manual skill but to acquaint the student 
with the principles of operation, capabilities, and limitations of the 
machine tools; and processes used in the construction, maintenance, 
and repair of mechanical equipment in order that he may be better 
qualified to supervise the maintenance and repair of military equip- 
ment in the field. 

The course content should include: (1) theory and practice of 
welding by gas and electric arc; limitations and applications to 
construction repair; (2) forging and heat treating of small parts; 
(3) hand tools and bench work including use of the hammer, file, 
chisel, taps, and dies; (4) sheet metal layout, cutting and forming; 
(5) theory and operation of machine tools. Lathes, milling, ma- 
chines, shapers and planers, grinders; (6) measurement and meas- 
uring instruments such as scales, calipers, gages, micrometers, 
verniers. 


Suggested Texts: 

No textbook is suggested. The course should be taught by the 
lecture-demonstration method with an opportunity for each 
student actually to do the operations. Excellent training 
films are available from the United States Office of Educa- 
tion and from the Signal Corps of the United States Army. 
Schools having inadequate laboratory facilities should make 
extensive use of such films. 


Strength of Materials: AST-401 


Stresses and strains in tension, compression and shear—riveted 
and welded joints—shear and moment in beams—design of simple, 
cantilever and continuous beams for strength and stiffness—beams 
of two or more materials—resilience of beams—combined flexural, 
tensile, compressive, and shearing stresses. Design of columns. 


Suggested Texts: 
1. Boyd, Strength of Materials. 
2. Laurson, Cox, Mechanics of Materials. 
3. Maurer, Withey, Strength of Materials. 
4. Poorman, Strength of Materials. 
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5. Seely, Resistance of Materials. 
6. Timoshenko, Strength of Materials. 


Materials Testing Laboratory: AST-401 


The course is designed to study in the laboratory, by means of 
tests, engineering materials as related to their use in machinery and 
military equipment. Recognized methods of testing, as used in 
inspection of ordnance materials, should be followed. Students 
should become familiar with such methods as are described in 
Federal Specifications QQ-M-15la for metals, A.S.T.H. Specifica- 
tions, ete. 

Problems suggested for inclusion are: 

1. Study of hydraulic and lever-type testing machines, includ- 
ing calibration. 
. Strain measuring gages of several types. 
Tests of steel in tension for such properties as: proportional 
limit, yield point, yield strength, stiffness, ductility. 
4. Acceptance type test of metals in tension. 
5. Flexure test of ductile metal. 
6. Torsional shear of metal. 
7. Hardness: Rockwell, Brinell, Scleroscope. 
8 
9 
10 


ow bo 


. Compression of short and long columns. 
. Impact: Izod, Charpy. 
. Flexure of wood beams. 

11. Welded joints. 

12. Helical springs. 


Suggested Texts: 

1. American Society for Testing Materials, Selected Standards 
for Students in Engineering. 

2. Davis, Troxell, Wiskocil, Testing and Inspection of Engineer- 
ing Materials. 

3. Gilkey, Murphy, Bergman, Materials Testing. 

4. Superintendent of Documents, Washington, D. C., Federal 
Specifications, QQ-M-151a, Metals, General Specifications 
for Inspection of. 


Internal Combustion Engines: AST-410 


Fuels and combustion: petroleum products and properties; com- 
bustion mixture requirements; explosive limits. Heat transfer by 
radiation, conduction and convection. Spark ignition engine: Otto 
cycle; standard air cycle; fuel-air cycle; carburetion (float and 
pressurized); combustion and flame travel. Detonation and deto- 
nation suppressors; heat transfer; valve gear and valve timing; 
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ignition systems and spark timing; gear and turbo supercharging of 
aircraft engines; engine performance characteristics. Compression 
ignition engine; diesel cycle; fuel injection systems; combustion 
and combustion chambers; diesel knock; injection timing; diesel 
supercharging; engine performance characteristics. Gas turbines: 
gas turbine cycles, closed and open; heat exchangers; fuels and com- 
bustion chambers; temperature and pressure limitations; effect on 
efficiency of turbine, compressor and heat exchanger performance. 


Suggested Texts: 


1. Lichty, The Internal Combustion Engine. 
2. Taylor and Taylor, The Internal Combustion Engine. 


Mechanical Laboratory: AST-420 


The object of this course is to familiarize the student with the 
instruments and techniques used in studying the performance of 
mechanical equipment, and to acquaint the student with the prin- 
ciples of operation and with the performance of such equipment 
through direct contact. Calibration and use of instruments for 
measuring pressure, temperature, power, velocity, quantity of mate- 
rial, gas composition, etc. Simple tests on engines, centrifugal 
pumps, fans, and the like. A.S.M.E. Power Test Codes for various 
machines and chapters on Instruments and Apparatus should be 
helpful. 

Kinematics: AST-402 


Composition and resolution of vectors; relation between linear 
and angular displacement; velocities; accelerated rectilinear motion; 
tangential and normal acceleration; relative motion. Transmission 
of motion; kinematic chains; nature of rolling and sliding; conditions 
for pure rolling; positive driving. Analysis of plane motion; linear 
and angular velocities; velocity and acceleration graphs. Cams; 
displacement, velocity and acceleration graphs. Rolling curves and 
friction gearing. Straight and helical spur gears; terminology; 
forms of teeth; interchangeability; interference of involute teeth; 
specific sliding and velocity of sliding; selection of cutters; strength, 
wear and noise of gear teeth; internal involute gears. Methods of 
cutting and generating straight and helical spur gears. Straight 
and spiral bevel gears. Helical and hyperboloidal gears. Worm 
and worm wheel. Linkwork and miscellaneous mechanisms; four- 
link; slider crank; quick return; straight line; pantographs; Hooke’s 
coupling; ratchets and escapements. Belt, rope and chain trans- 
mission; belt tension and power; length of belt; cone pulleys; speed 
cones; V-belt drives; rope drives; transmission chains. Trains of 
mechanism: sliding gears; clutches; idler gears; reversing mecha- 
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nisms; change gear mechanism; wheel trains; cyclic trains; reverted 
cyclic trains. 


Suggested Texts: 

. Alvert, Rogers, Kinematics of Machinery. 

Guillet, Kinematics of Machines. 

Heck, Mechanics of Machinery. 

Keown and Faires, Mechanism. 

Schwamb, Merrill, James, Elements of Mechanism. 


Qt 9 BO pe 


Metallography and Heat Treatment: AST-430 


The objective of this course is to familiarize the student with 
metals, their properties, heat treatment, limitations and correct 
application, and to provide him with a background of information 
necessary for inspection work and for the supervision of the repair 
and maintenance of military equipment. Fundamentals of heat 
treatment: pure metals, solidification, hot and cold working, anneal- 
ing, alloy formation and alloy systems. Bearing alloys. Light 
alloys: aluminum and magnesium base. Copper alloys: brasses, 
bronzes, etc. Carbon steels: carbon free iron, iron-carbon alloys, 
impurities, classification of steels, heat treatment, hardening. Low 
and medium alloy steels: composition, structure, heat treatment, 
applications. Surface treatment of steels: surface hardening, hard 
surfacing, protective coatings. Steel castings: composition, heat 
treatment, applications. Welding. Brazing and soldering. Cast 
irons: composition, structure, properties and applications. Heat 
and corrosion resistant steels. Wear resistant steels. Tool steels. 


Machinability. 


Suggested Texts: 
1. Heyer, R. H., Engineering Physical Metallurgy. 
2. Sisco, F. T., Modern Metallurgy for Engineers. 
Supplementary Text Material: 
a. Aluminum Company, Alcoa Aluminum and Its Alloys. 
b. Aluminum Company, Aluminum in Aircraft. 
c. Aluminum Company, Machining Aluminum. 
d. Aluminum Company, Welding Aluminum. 
e. Aluminum Company, Finishes for Aluminum. 
f. Chase Brass & Copper Company, Commercially Important 
Wrought Copper Alloys. 
Dow Chemical Company, Dowmetal Magnesium Alloys. 
. Revere Copper Company, Revere Copper and Copper 
Alloys. 
i. Mimeographed Material on NE Steel Pamphlets, Pre- 
pared by Department. 


bos 
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Mechanical Vibrations: AST-410 


Kinematics of vibration, harmonic and non-harmonic; systems 
of single, two, and many degrees of freedom; free and forced vibra- 
tions, with and without damping, applications, slider crank mecha- 
nisms, rotative machinery, balancing. Self-excited vibrations, non- 
linear characteristics, vibration measuring instruments, balancing 


machines. 
Machine Design: AST-408 


Stresses in machine parts; properties of materials; screw fasten- 
ings; keys, small pins and cotters; systems of fits with tolerances 
and allowances; welded joints; springs; bearings and their lubrica- 
tion; brakes; screws for power transmission; shafts; couplings; belt 
drive; chain drive; crank shafts; flywheels; friction gearing; toothed 
gearing; machine frames. 


Suggested Texts: 

. Albert, Machine Design Drawing Room Problems. 
. Bradford and Eaton, Machine Design. 

. Hyland and Kommers, Machine Design. 

. Kimball, Barr, Elements of Machine Design. 
Leutwiler, Elements of Machine Design. 

. Maleev, Machine Design. 

. Vallence, Design of Machine Members. 


NOP wD 


Fluid Mechanics: AST-401 


Physical properties of common fluids such as density, viscosity, 
compressibility ; fluid statics—pressure forces on submerged bodies, 
pressure gages, flotation; general study flow relations—streamlines, 
continuity equation, energy equation, flow meters; dynamic lift, 
magnus effect, deflecting forces on projectiles, flow of incompressible 
and compressible fluids in pipes and around bodies such as air foils; 
laminar and turbulent flow; elementary exterior ballistics; types of 
flow above and below the velocity of sound; shock waves, resistance 
of projectiles, compressibility effects on a bullet in flight; elementary 
acoustics, sound propagation, magnitude of velocity of sound, sound 
detectors, sound ranging; construction, operation and performance 
of pumps, fluid couplings, torque converters, pressure intensifiers, 
hydraulic control systems for operating shock absorbers, gun turrets, 
recoil mechanisms, retractable landing gears and numerous other 
military applications. 


Suggested Texts: 
1. Dodge, R. A., and M. J. Thompson, Fluid Mechanics. 
2. Drysdale, C. V., A. Ferguson and others, The Mechanical 
Properties of Fluids. 
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3. Jameson, A. H., An Introduction to Fluid Mechanics. 

4. Murphy, G., Mechanics of Fluids. 

5. O’Brien, M. P., and G. H. Hickox, Applied Fluid Mechanics. 
6. Vennard, J. K., Elementary Fluid Mechanics. 


Internal Combustion Engines Laboratory: AST-411 


The object of this course is to give the students familiarity with 
the operation and adjustment of the internal combustion engine, 
and to show them the influence of various operating conditions. 
Performance tests of spark ignition and diesel engines on dynamom- 
eter. Effects on capacity and efficiency of speed, throttle opening, 
fuel-air mixture. Fuel rating by C.F.R. engine. 


Elements of Electrical Engineering: AST-401 


The study of conductor materials in the form of wires of circular 
or rectangular cross section from the standpoint of resistance, wire 
tables, and allowable current capacity as prescribed by the Under- 
writers Laboratory. Use of ammeters, voltmeters, wattmeters and 
associated equipment to measure current, voltage and power in 
either DC or AC circuits. Circuits and connections of various 
types of generators such as separately excited, self excited and 
compound DC generators; single phase and polyphase AC gener- 
ators with trouble shooting hints and specific applications of each 
type. Circuits, connections and operating characteristics of motors 
such as shunt, series and compound DC motors; AC single phase 
repulsion, repulsion start induction run, capacitor, shaded pole and 
split phase types; three phase squirrel cage, double squirrel cage, 
wound rotor and synchronous motors with trouble shooting hints 
and specific applications of each type with the starting equipment 
necessary. Connection and operation of transformers when con- 
nected single phase and polyphase star, delta and open delta. 


Laboratory: 
The laboratory will cover the material as outlined above. 


Suggested Texts: 

. Blalock, Principles of Electrical Engineering. 

. Cook, Elements of Electrical Engineering. 

. Dawes, Chester L., Industrial Electricity, Parts 1 and 2. 

. Gray and Wallace, Principles and Practice of Electrical Engi- 
neering. 

Hausmann, Erich, Swope’s Lessons in Practical Electricity. 

Kerchner and Corcoran, Alternating Current Circuits. 

Loew, Direct and Alternating Currents. 

Tang, Alternating Current Circuits. 


Cone we 


90 ID Ex 
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ARMY SPECIALIZED TRAINING PROGRAM 
Advanced Phase 


CurricuLum No. SEl 
SANITARY ENGINEERING 
PREREQUISITE 


The course in Sanitary Engineering (Terms 7, 8) is predicated 
on the successful completion of the Army Specialized Training 
Program Advanced Phase Curriculum No. CE1, Civil Engineering 
(Terms 4, 5, 6), or its equivalent. Equivalency can be determined 
as follows: 

1. Testing of selected applicants or applicants who had partially 
completed a college course in engineering. 

2. A selected applicant or applicant holding a degree in Civil 
Engineering from an accredited college. 


7th Term 
Total Recommended 
Contact Hours Distribution 
Subject per week* Class Lab. 
Sanitary Chemistry: AST-245....... 9 3 6 
Sanitary Bacteriology: AST-960...... 9 3 6 
Hydrology: AST-962............... 3 3 0 
Parasitology: AST-961.............. 6 2 4 
Drainage: AST-963................ 3 3 0 
TONE . 2 6.54 tn gh + ks os ee ae 30 14 16 

Sth Term 
Sanitary Conference: AST-968....... { 4 0 
Water Treatment: AST-964......... 9 3 6 

Sewage Treatment and Disposal: 

Fi EpegelvEmee eee Wall: Ven emrce Bt 9 3 6 
Sanitation: AST-967............... 4 4 0 
Epidemiology: AST-966............ 3 3 0 

WE od Sen se hee ee ce eee 29 17 12 


* Required by contract. 


Sanitary Chemistry: AST-245 


Elementary organic chemistry; chemical methods for the exami- 
nation of water and sewage; applications of principles for the con- 
trol of water purification and sewage treatment plants. 








628 ARMY SPECIALIZED TRAINING PROGRAM 


Suggested Texts: 
1. Adkins, McEhain, Elements of Organic Chemistry. 
2. Theroux, Eldrige, Mallman, Analysis of Water and Sewage. 


Sanitary Bacteriology: AST-960 


Elementary bacteriology with emphasis placed on the roles of 
bacteria in public health; bacteriological methods used in the ex- 
amination of water and the control of water treatment plants. 


Suggested Texts: 
1. Prescott, Winslow, Elements of Water Bacteriology. 
2. Tanner, Practical Bacteriology. 


Hydrology: AST-962 


Occurrence and distribution of water by natural processes. 
Analysis of climatological and stream flow data. Storage problems. 


Suggested Texts: 


1. Mead, Hydrology. 
2. Meyer, Elements of Hydrology. 


Parasitology: AST-961 


Fundamental principles involved in the control of belminthes, 
protozoa, insects, and rodents related to human welfare. 


Suggested Texts: 
1. A.A.A.S. Science Press, Symposium on Human Malaria. 
2. Belding, Clinical Parasitology. 
3. Craig, Laboratory Diagnosis of Protozoan Diseases. 
4. Pearson, Sanitary Entomology. 


Drainage: AST-963 


Fundamental principles of land drainage with particular refer- 
ence to mosquito control by drainage. 


Suggested Texts: 
1. Pickles, Drainage and Flood-Control Engineering. 
Sanitary Conference: AST-968 


Seminar on assigned readings and field trips. Emphasis will be 
placed on sanitation problems peculiar to tropical climates. 


Suggested Texts: 
Reference library. 
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Water Treatment: AST-964 


Study of methods and processes used for the production of safe, 
portable water for human consumption. 


Suggested Texts: 
1. Manual Am. Soe. C.E., Water Treatment Plant Design. 
2. Manual A.W.W.A., Water Quality and Treatment. 


Sewage Treatment and Disposal: AST-965 


Fundamental principles involved in the treatment and disposal 
of human excreta. 


Suggested Texts: 
1. Babbitt, Sewerage and Sewage Treatment. 
2. Imhoff and Fair, Sewage Treatment. 


Sanitation: AST-967 
Fundamental principles involved in the elimination and control 


of sanitary hazards in the environment with particular emphasis on 
problems involving mosquitoes, flies, refuse disposal, and plumbing. 


Suggested Texts: 
1. Dunham, Military Preventive Medicine. 
2. Ehlers and Steel, Municipal and Rural Sanitation. 
3. Hardenbergh, Mosquito Eradication. 


Epidemiology : AST-966 


The more common communicable diseases; methods and prob- 
lems involved in epidemiological investigations. 


Suggested Texts: 
1. Dunham, Military Preventive Medicine. 








THE NAVY COLLEGE TRAINING PROGRAM 


By IVAN C. CRAWFORD 
Dean, College of Engineering, University of Michigan 


The objective of the Navy College Training Program, V-12, is 
“‘to prepare officer material for the various branches of the Naval, 
Marine, and Coast Guard services, including aviation cadets, en- 
gineer and deck officers, engineer specialists, medical and dental 
officers, Supply Corps officers.”” This objective is to be accom- 
plished by (1) choosing the best qualified young men available, and 
(2) sending these candidates to selected colleges and universities 
for training. 

The following notes cover the general program. Only the cur- 
ricula schedules of the engineering division of the program are shown. 


SELECTION OF STUDENTS 


Students from civilian life are to be selected by a process which 
includes: (1) the passing of a qualifying test designed by the Navy 
Department and administered at local or nearby schools or colleges; 
(2) interviews at the nearest office of Naval Officer Procurement “to 
determine potential officer-like qualities,” and a physical examina- 
tion; and (3) review of records by a selection committee composed of 
an educator, a representative civilian, and a Naval officer. The 
decision of this committee will be final. 

Properly qualified enlisted men now on duty in the Navy may 
enter the program upon approval of applications by their command- 
ing officers and the passing of the general classification test or a 
comparable test designated by the Bureau of Naval Personnel. 


LENGTHS OF TRAINING PERIODS 


Sixteen weeks is the length of the term in this program. Avia- 
tion candidates remain in college for two terms; deck candidates, 
four terms; engineer candidates, general, six terms; and engineer 
specialist candidates, eight terms or 128 weeks. 

For the last group, engineer specialist candidates, the length of 
the college course rather closely approximates the normal time re- 
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quired for a degree. It should be noted that these students, and 
all students in the program, will be required to spend 52 to 58 hours 
per week in class, laboratory, and preparation. 

The term starting dates will be on or about July 1, November 1, 
1943, and March 1, 1944. 


CoursE DESCRIPTIONS 


The courses of the program have been molded so as to conform 
rather closely to those which are standard in the engineering colleges 
of the nation. In a few cases, departures have been made from the 
standard where the interests of the Navy demanded the inclusion of 
new matter or the exclusion of subject matter not closely related to 
the program. The course descriptions conform to the usual college 
style of writing such descriptions, although in general they are 
somewhat more detailed. It is expected that institutions will ex- 
pand and amplify the minimum outlines presented within the scope 
of their facilities and the time limits imposed. All descriptions were 
written with the aid of specialists in the fields covered. 

The titles appearing in the following curricula schedules indicate 
in a general way the subject matter contained in the course. How- 
ever, the Structures series in the Civil Engineer Corps curricula 
require some explanation. Structures I is Structural Analysis; 
Structures II, Theory of Reinforced Concrete; Structures III, Ele- 
mentary Structural Design in Steel and Wood; Structures IV, Con- 
crete Structures and Foundations; and Structures V, Advanced 
Structural Steel Design. Electrical Engineering I and II are the 
courses in this subject usually offered to non-electrical engineering 
students. 

Students who have previously completed courses of the prescribed 
curricula and who can demonstrate this to the satisfaction of the 
institution they are attending will be permitted to make proper 
substitutions in their programs. 


EXAMINATIONS, TEXTS, CREDITS 


Each institution taking part in the program will set examinations 
for the various courses offered according to its own practices. In 
this connection, it should be noted that near the end of the second 
term of the first college year, the Navy Department will give a 
qualifying examination to all students. 

The selection of textbooks is left to the college, with the provision 
that those adopted must be generally recognized as standard. 
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Each institution will determine whether or not credit toward a 
degree shall be given for the completion of courses in the various 
curricula. Inasmuch as the content of these courses is practically 
equivalent to that of standard college courses in the same subjects, 
it is expected that credit will be given quite generally. 


ExtTra-CuRRICULAR ACTIVITIES 


Students of the V-12 program will be permitted to participate 
in extra-curricular activities the same as civilian students in so far 
as this participation does not interfere with prescribed hours or 
courses of study. These students will also be permitted to take 
part in all college athletics on the same basis as civilian students 
within the limits noted above. 

Students in the program will be allowed to join all previously 
established organizations or fraternities on the campus which are 
available to all students on the same terms. They will not be per- 
mitted to establish or join any activity or organization in which 
membership is not available to all students, civilian or enlisted, on 
the campus, or which might be inimical to Naval interests. 

The Navy College Training Program has been developed in the 
Training Division of the Bureau of Naval Personnel with the cooper- 
ation of the several bureaus of the Navy Department and of a 
number of civilian consultants, among them the writer. 
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THE NAVY COLLEGE TRAINING PROGRAM 


First CoLLEGE YEAR 





The curriculum is designed for the following types of officer 
candidates: 


A-V(N) Aviation Candidates. 
CEC-V(S) Civil Engineer Corps Candidates. 
CC-V(S) Construction Corps Candidates. 
D-V(G), D-V(S), C-V(S) Deck Candidates. 
E-V(G) Engineer Candidates. 
E-V(S), O-V(S), A-V(S) Engineer Specialist Candidates. 
(a) Mechanical, Steam Engines. 
(b) Mechanical, Internal-Combustion Engines. 
(c) Electric, Power. 
(d) Electric, Communication. 


Periods per weekt 








1st term 2nd term 
Mathematical Analysis I or III, IIorIV..... *5 (5) *5 (5) 
Wiles BEE 6 6 i on oko eee ee 3 (3) 3 (3) 
Historical Background of Present World War. 
Rees Garang yeas St: 2 (2) 2 (2) 
RI ea osc 955 bp 25 d.b slg fs en TRI Ea 4 (6) 4 (6) 
Engineering Drawing and Descriptive Geometry 2 (6) 2 (6) 
Naval Organization I, II................... 1 (1) 1 (1) 
17 (23) 17 (23) 
TUE FN is 65 oso so ewe oo eke es 2 (6) 2 (6) 
19 (29) 19 (29) 


SEeconp CoLLEGE YEAR 





Curricucum I. CEC-V(S). Civil Engineer Corps 








Candidates. 
CES O88 Goats oe ees 4 (4) 4 (4) 
Chemistry Ia-Ila and Engineering Materials.. 4 (6) 4 (6) 
Analytical Mechanics I, II.................. 5 (5) 
Surveying—Plane and Geodetic............. 3 (7) 5 (11) 
Naval History and Elementary Strategy...... 3 (8) 
Psychology I—General...................-- 3 (3) 
17 (23) 18 (26) 
Vine TR. 6 5 hb 2 (6) 2 (6) 
19 (29) 20 (32) 


* Mathematical Analysis I, II—combination course in mathematical analysis 
for students entering with 2 or less units of mathematics. Mathematical Analysis 
III, IV—algebra, trigonometry, and analytical geometry; or analytical geometry 
and calculus for students entering with 24 or more units of mathematics. 

+ Note: Figures in parenthesis indicate contact hours per week in class and 
laboratory. Figures outside of parenthesis indicate the number of meetings per 
week in class and laboratory. 
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Periods per week* 

















Ist term 2nd term 
Curricutum II. CC-V(S). Construction Corps 
Candidates. 
ND RRS iors othe Cae Sis Li PRE ieee 4 (4) 4 (4) 
Chemistry Ia-IIa, and Engineering Materials... 4 (6) 4 (6) 
Analytical Mechanics I, IT.................. 5 (5) 
Economics I-II, Principles of................ 3 (3) 3 (3) 
Naval History and Elementary Strategy...... 3 (3) 
ELE SS EEE I OE Bee 2 (4) 
Psychology I—General.......... re Pe aid 3 (3) 
17 (19) 18 (22) 
Devel Tie 8 os. eee aR 2 (6) 2 (6) 
19 (25) 20 (28) 
Curricutum III. D-V(G), D-V(S),C-V(S). Deck 
Candidates. 
Navigation and Nautical Astronomy I, II... 3 (3) 3 (3) 
Chemistry Ia-IIa, and Engineering Materials.. 4 (6) 4 (6) 
Elementary Heat Power.................. 3 (5) 
Electrical Engineering (A)—Elementary..... 3 (5) 
Calculus I, II, and Analytical MechaniesI.... 5 (5) 5. 45) 
Naval History and Elementary er ane. eD 
Psychology I—General........ : 3 (3) 
18 (22) 18 (22) 
Physical Training... . : eres ty J. a) ae 2 (6) 
20 (28) 20 (28) 
CurricuLuMIV. E-V(G). Engineer Candidates. 
ONE RS | DRS Se Re eel aye > ie Pe > (5) 3 (3) 
Navigation and Nautical Astronomy I, II... 3 (3) 3 (3) 
Chemistry Ia-IIa, and Engineering Materials.. 4 (6) 4 (6) 
Naval History and Elementary Strategy... . 3 (3) 
Analytical Mechanics I, IT............. he 5 (5) 
Psychology I—General..................... 3 (3) 
Hydraulics and Hydraulic Machinery pp stp 3 (5) 
18 (20) 18 (22) 
Peeratanl “Ta oe. 5 ca ok Vib lee 2 (6) 2 (6) 
20 (26) 20 (28) 


* Note: Figures in parenthesis indicate contact hours per week ip class and 
laboratory. Figures outside of parenthesis indicate the number of meetings per 
week in class and laboratory. 
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Periods per week* 
1st term 2nd term 
Curricutum V. E-V(S), O-V(S), A-V(S). Engi- 
neer Specialist Candidates. 
(a) Mechanical, Steam Engines. 
(b) Mechanical, Internal-Combustion 
Engines. 
(c) Electric, Power. 
(d) Electric, Communication. 





Cae FE ees ieee ee Sea a bas 4 (4) 4 (4) 
Chemistry Ia-Ila, and Engineering Materials.. 4 (6) 4 (6) 
Analytical Mechanics I, IT.................. 5 (5) 
Economies I-II, Principles of................ 3 (3) 3 (3) 
Naval History and Elementary Strategy... ... 3 (3) 
Kinematics (a, b) or Calculus [1I—Differential 

Wena CG. Fo. ON pra ds cpa da ds 2 (2 or 4) 
Psychology I—General (a, b) or Electricity and 

Deets 16 soi ok ss ya he ete bead 3 (3 or 5) 

17 (19 or 21) 18 (20 or 22) 

Plpshesl Train... ic 5. Sse SS Cie we 2 (6) 2 (6) 





19 (25 or 27) 20 (26 or 28) 


TuirpD COLLEGE YEAR 





Curricutum I. CEC-V(S). Civil Engineer Corps 














Candidates. 

Thermodynamics Ia and Heat Power Ia...... 3 (3) 3 (5) 

Electrical Engineering I, IT................. 3 (5) 3 (5) 

Strength of Materials I..................... 3 (3) 

Materials Laboratory I..................... 3 (7) 

Pe PI occ) cise ue p weed cannes 3 (5) 

Curves and Earthwork..................... 3 (5) 

Sreeante 3 SE Fie. 5 i A GS 5 (7) 6 (10) 
17 (23) 18 (32) 

Pee TEMES 6 os hs So aw ae red eae 2 (6) 2 (6) 
19 (29) © 20 (38) 

Curricutum II. CC-V(S). Construction Corps 
Candidates. 

Thermodynamics I and Heat PowerlI........ 5 (5) 5 (9) 

Electrical Engineering I, II................. 4 (6) 4 (6) 

Strength of Materials I..................... 3 (3) 

Materials Laboratory I..................... 3 (7) 

BR re ep Pere 3 (5) 

Mechanical Processes.................--+-: 3 (3) 

eS ER area Wr ee eae 3 (5) 3 (5) 
18 (22) 18 (32) 

Pavel Trae. RS 2 (6) 2 (6) 
20 (28) 20 (38) 


* Note: Figures in parenthesis indicate contact hours per week in class and 
laboratory. Figures outside of parenthesis indicate the number of meetings per 
week in class and laboratory. 


























* Note: Figures in parenthesis indicate contact hours per week in class and 
laboratory. Figures outside of parenthesis indicate the number of meetings per 
week in class and laboratory. 
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Periods per week* 
1st term 2nd term 
Curricutum III. E-V(G). Engineering Candi- 
dates. 
Thermodynamics I and Heat Powerl........ 5 (5) 5 (9) 
Electrical Engineering I, IT................. 3 (5) 3 (5) 
Strength of Materials Ia.................... 3 (5) 
Kinematics and Design I, If................ 3 (5) 3 (5) 
ee ee ST ERS eT eee 3 (5) 
Radio Engineering I-I1..................... 2 (4) 2 (4) 
Economics I-II, Principles of................ 2 (2) 2 (2) 
18 (26) 18 (30) 
a so sa od i sein ete 2 (6) 2 (6) 
20 (32) 20 (36) 
CurricutumIV. E-V(S), A-V(S),O0-V(S). Engi- 
neer Specialist Candidates. 
(a) and (6) Steam and Internal-Combus- 
tion Engines. 
Thermodynamics I and Heat Powerl........ 5 (5) 5 (9) 
Electrical Engineering I, II................. 4 (6) 4 (6) 
Strength of Materials I................:.... 3 (8) 
Materials Laboratory I..................... 3 (7) 
We 2 Pets es 3 (5) 
SEES EE Pe dea oy Petre meee 3 (5) 
Mechanical Processes..................---- 3 (3) 
Mechanics of Machinery................... 3 (5) 
18 (22) 18 (32) 
nS MINN 075285 chi bein as le yeib torrie 2 (6) 2 (6) 
20 (28) 20 (38) 
Curricutum V. E-V(S), A-V(S), O-V(S). Engi- 
neer Specialist Candidates. 
(c) Electric, Power. 
Electric and Magnetic Circuits I-II.......... 5 (9) 5 (9) 
D.C. Machinery and Storage Batteries I...... 5 (9) 
Thermodynamics Ia and Heat Power Ia...... 3 (3) 3 (5) 
Strength of Materials I..................... 3 (3) 
Materials Laboratory Ia.................... 2 (4) 
SERS NEG SPITS ES ROLE OD DOIN 2 (4) 
EAL SOLEIL ESE RTT 3 (5) 
Electrical Measurements................... 5 (9) 
18 (28) 18 (32) 
a Et a me on oie ay 2 (6) 2 (6) 
20 (34) 20 (38) 
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Periods per week* 
1st term 2nd term 
Curricutum VI. E-V(S), A-V(S),0-V(S). Engi- 
neer Specialist Candidates. 
(d) Electric, Communication. 
Electric and Magnetic Circuits I-IT.......... 5 (9) 5 (9) 
Thermodynamics Ia and Heat Power Ia...... 3 (3) 3 (5) 
Strength of MaterialsI..................... 3 (3) 
Materials Laboratory Ia.................... 2 (4) 
Electron Tubes and Circuits Ib-ITb.......... 2 (4) 3 (5) 
Electrical Measurements..................- 5 (9) 
D.C. Machinery and Storage Batteries Ia..... 3 (5) 
pS BERS Pee no Pa ee ewe ee a ar 2 (4) 
18 (28) 18 (32) 
Papaleal Tisha ss ea ee ae 2 (6) 2 (6) 
20 (34) 20 (38) 
FourtH CoLLEGE YEAR 
Curricutum I. CEC-V(S). Civil Engineer Corps 
Candidates. 
I ES Ws os ooo 3 Suge ebee eae 5 (9) 5 (9) 
Sanitary Engineering....................... 3 (5) 
WOE I CS sce herastbicaer- vn aay 3 (5) 
Contracts and Specifications................ 2 (2) 
RS Tee PCR peer run nt lane 3 (5) 
TONE PIES... 55 asec po ceevbetescecs 2 (2) 
I IR 6 585 Fos oe 55 Sab oo ee 3 (5) 
Industrial Organization..................... 3 (3) 
Highway Engineering...................... 4 (6) 
Economics of Engineering I, II.............. 2 (2) 2 (2) 
19 (29) 18 (26) 
PR SN, i 5 oS ocawnvssoncarien 2 (6) 2 (6) 
21 (35) 20 (32) 
Curricutum II. CC-V(S). Construction Corps 
Candidates. 
Te ais OE ih co asain tts 5 (9) 5 (9) 
I es ache uns es dead ted 3 (5) 3 (5) 
Electron Tubes and Circuits Ia-IIa.......... 2 (4) 2 (4) 
Contracts and Specifications................ 2 (2) 
Weary SNES i 5 sve can tries tans ds 2 (4) 
pS RRA SP EpanD RAMETERS Day poor eee eer) 3 (5) 
RE 655 oh a cies Hae 3 (3) 
Industrial Organization..................... 3 (3) 
pS SRE Perera rt ocak 3 (5) 
18 (30) 18 (28) 
Peebens Teens oi 6s css Feo eo ese cds 2 (6) 2 (6) 
20 (36) 20 (34) 


* Note: Figures in parenthesis indicate contact hours per week in class and 
laboratory. Figures outside of parenthesis indicate the number of meetings per 
week in class and laboratory. 
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Periods per week* 




















1st term 2nd term 
Curricutvm III. E-V(S), A-V(S), O-V(S). 
Engineer Specialist Candidates. 
(a) and (6) Steam and Internal-Combus- 
tion Engines. 
Dee ee Bio ee os oss 606 oO ae 5 (9) 5 (9) 
pe ery ero rer 2 (4) 
ONE FS Ck has ons Ses geouster 3 (5) 
PINS 6 oe ith eekd on tees eee ES 3 (3) 
Industrial Organization..................... 3 (3) 
PIR oo in's pices 'e ed ds Wine oda Re He See 3 (5) 
Mechanical Design I, II.................... 3 (5) 3 (5) 
Electron Tubes and Circuits Ia-IIla.......... 2 (4) 2 (4) 
Contracts and Specifications................ 2 (2) 
18 (30) 18 (28) 
ois Siaig 5b Sct nc b's Gree 2 (6) 2 (6) 
20 (36) 20 (34) 
CurricutumM IV. E-V(S), A-V(S), O-V(S). 
Engineer Specialist Candidates. 
(c) Electric, Power. 
PN eS NS eS cas ee smn bee 3 (3) 
Electron Tubes and Circuits I-II............ 2 (4) 4 (6) 
Alternating-Current Machinery I............ 5 (7) 
NS EEE SE ae Pa oS 3 (7) 
Electrical Engineering Laboratory........... 3 (5) 
PURE PAROE oig ss ok oe es ere enne 2 (4) 
Contracts and Specifications................ 2 (2) 
Psychology I—General..................... 3 (3) 
Industrial Organization..................... 3 (3) 
Mechanical Processes..................--:: 3 (3) 
I ee oe waieie cs 3 (5) 
18 (24) 18 (28) 
RINNE Ee 6 spo cb we tia ede wie ews ame 2 (6) 2 (6) 
20 (20) 20 (34) 
Curricutum V. E-V(S), A-V(S), O-V(S). 
Engineer Specialist Candidates. 
(d) Electric, Communication. 
pS rr: Te Danelle Rae al ees oa 9 3 (3) 
OE: RO i Sires os kk ods ong sie bonds 2 (4) 
Alternating-Current Machinery Ia........... 4 (6) 
High-Frequency Circuits I-IT............... 5 (%) 5. (7) 
PNR EUR ag cores Ga eos 0 ass 0% 2 (4) 
Electrical Engineering Laboratory........... 3 (5) 
Psychology I—General..................-.- 3 (3) 
Industrial Organization..................... 3 (8) 
I nt oe ncia span dle areey 3 (5) 
Ms ass civ Sebastes 06 Sim om 3 (5) 
18 (26) 18 (26) 
MN RA os 3k aeons Wcda sain wet 'shars 2 (6) 2 (6) 
20 (32) 20 (32) 


* Note: Figures in parenthesis indicate contact hours per week in class and 
laboratory. Figures outside of parenthesis indicate the number of meetings per 
week in class and laboratory. 











EXAMINATIONS * 
By R. H. FRAZIER 


Associate Professor of Electrical Engineering, 
Massachusetts Institute of Technology 


I am pleased to have the subject, examinations, included under 
the general topic, instructional methods, because I prefer to think 
about examinations in terms of educational devices rather than 
purely in terms of measuring devices. 

In thinking about examinations and in using them, I believe 
that many of us, in comparison, are not quite up to the level of the 
sophomore in the electrical-measurements laboratory. To him 
an instrument is merely a box having several terminals and an 
indicator on a scale labelled ‘‘ volts,” ‘‘amperes,” or something else, 
which he inserts in a circuit to make the desired measurement. 
The sophomore sometimes puts the ammeter across the line; but 
even if he knows that he wants to measure volts, and so selects an 
instrument labelled “volts” and connects it across the points be- 
tween which the voltage is to be determined, he rarely realizes that 
the insertion of the instrument into the circuit may have seriously 
altered the circuit conditions, so that the indication of the instru- 
ment may be grossly different from the voltage that existed between 
the two points prior to the insertion of the instrument. 

Now, the sophomore can find many ways to throw his electrical 
measurements askew other than by improper selection of the kind 
of instrument or by failure to make allowance for the circuit dis- 
turbance that insertion of the instruments may cause. However, 
those two aspects of the laboratory problem are the principal 
analogies I wish to use for examinations. 

I believe that in setting examinations too few of us give sufficient 
thought to deciding adequately what the examination is supposed to 
determine, and too little effort in the selection of the kind of ex- 
amination which best fulfills the requirements. The process of 
setting examinations year by year is likely to fall into the realm of 
habit and tradition. In some instances, professors continue to set 
them merely in obedience to faculty rules, but with the protest 
that they know all about the students anyhow and can just as well 
grade them on the basis of observed classroom work. The failure 
to decide what is desirable for the examination to accomplish is 

* Presented at the meeting of the New England Section, 8S. P. E. E., Went- 


worth Institute, Oct. 17, 1942. 
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equivalent to failure to formulate the objectives of the instruction, 
and, as such, evinces in my opinion a very fumbling educational 
procedure. However, fumbling around for the right kind of ex- 
amination, after the professor knows what he wants, is very ex- 
cusable, because far too little is known about the properties of 
various kinds of examinations that have been developed. We have 
objective and subjective examinations, oral and written examina- 
tions, comprehensive, short-question, problem, project, and essay 
examinations. What do all these names mean, what do the various 
kinds of examinations accomplish, and how should the results be 
interpreted? (As an aside, I may mention that in my electric- 
circuit classes we find a real problem arising from the amount of 
material to be read in the time available. As a preliminary to a 
study to see what can be done about it, we recently gave a standard 
general reading test under the direction of Miss Margaret Lane, 
Assistant Vail Librarian. The one part that came out rather uni- 
formly high was poetry comprehension, which was left in as part 
of the test merely because leaving it in was easier than taking it out. 
As @ consequence, we are considering making our weekly assign- 
ments in rhyme.) 

Unavoidably associated with the problem of stating objectives 
and selecting the kind of examination that best meets them, is the 
circumstance that the examinations are substantial components of 
the educational process. This is the principal thought that I 
wish to emphasize in my talk. An examination therefore should 
not be viewed primarily as a portable type of instrument that can 
be inserted here or there when desired, without disturbing the sys- 
tem into which it is inserted, but rather as an instrument built into 
the system, whose presence influences the workings of the system 
and whose indications must be interpreted in the light of that 
influence. Furthermore, since examinations do exert a substantial 
influence upon the workings of the educational system, by setting 
standards and by influencing the attitude of the student and his 
method of study, they should be designed so as to make their 
influence educationally desirable rather than educationally harmful. 
Unfortunately, many examinations seem to have an influence that 
is educationally harmful: They encourage snap judgments, empha- 
size the immediate and fragmentary items of a single course, en- 
courage pure fishing for the answer most probably desired by the 
professor, utilize terminology local to one classroom, perpetrate 
ambiguities, and in general tend to become ends in themselves, from 
the student point of view, owing to the practical necessity of striving 
for passing grades. 

Evidence of the unsatisfactory state of examinations is the 
common attitude among students that many examinations are a 
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purely burdensome procedure that contributes little to their under- 
standing of a subject and adds considerable mental hazard. This 
fear of examinations seems to have more basis than can be explained 
by natural nervousness or feeling of impending doom owing to neg- 
lect of study. The fear is based in part (whether rightly or wrongly) 
upon a rather strong conviction that the examinations have in- 
sufficient significance in terms of the interpretations and judgments 
based upon them. 

Thus far I have merely stated a problem and have offered no 
solution; in fact, in the present state of development of the examina- 
tion art, I can go little farther than to state may belief that much 
of the solution lies in the increased development and use of com- 
prehensive examinations and in the use of outside examiners, at least 
sufficiently ‘‘outside”’ to be divorced from the direct classroom and 
laboratory instruction of the examinees. In concluding my talk, 
therefore, I wish to put in a word for the work of the Committee 
on Comprehensive Examinations (of this Society), with which I 
have been associated for several years. 

A few years ago, we decided that we must start on this problem 
at the bottom, that our thinking about examinations was very dis- 
organized, and that we even lacked adequate terminology upon 
which to organize our thinking. Therefore we devoted most of our 
effort a few years ago to the proper development of committee 
organization, and to the development of terminology. I have here 
for distribution, reprints of the fruits of our first effort on terminol- 
ogy and specifications,* which appears under my name but includes 
the efforts of others, with due acknowledgments. 

Last year the Committee made some progress in engaging in 
mutual coédperation with the various state boards of examiners for 
licencing engineers, in studying the problem of specifications and 
uses of comprehensive examinations. Though the work of the 
Committee now is practically at a standstill owing to the preoccupa- 
tion of the members with more pressing duties, I shall be glad to 
receive from any of you, for the Committee files, comments or 
criticism which the preliminary work on terminology and specifica- 
tions described in the reprint may arouse. 


SUMMARY 


1. An examination is not purely a measuring instrument having 
no influence upon the educational system into which it is inserted. 


*“‘On Terminology and Specifications for Comprehensive Examinations in 
Engineering,” Journal of Engineering Education, Vol. XXXII, Nov. 1941, pp. 
239-246. 
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2. Since the examination becomes an important component of 
the educational system into which it is inserted, it should be de- 
signed so as to have an influence which is educationally desirable. 

3. The increased use of comprehensive examinations and out- 
side examiners seems to be the most promising means in sight for 
making major improvement in the educational influence of ex- 
aminations. 

4. Much basic study is needed, such as has been initiated by the 
Society’s Committee on Comprehensive Examinations, to straighten 
out our thinking about examinations and to place our practice in 
using them on sound bases. 











A PROJECT OF THE MATHEMATICS DIVISION 


By JOHN W. CELL 
Secretary, Mathematics Division, 8. P. E. E. 


Several years ago, in an exchange of letters, certain members 
of the Mathematics Division of the Society for the Promotion of 
Engineering Education indicated a desire for a concrete project 
which would increase the effectiveness of mathematics instruction 
in engineering colleges. The late Professor J. H. Weaver, of Ohio 
State University, took an active part in this correspondence and, 
at the annual S. P. E. E. meeting held at Texas A. & M. in the sum- 
mer of 1938, brought this correspondence to the attention of the 
assembled members of the Mathematics Division. Authorization 
was made for the formation of a committee to collect engineering 
problems illustrating mathematics, and suitable for use in teaching 
freshman and sophomore mathematics courses. The committee, 
appointed in the fall of 1938, consisted of Professors W. C. Krath- 
wohl (Math., Illinois Institute), R. V. Churchill (Math., Michigan), 
Alan Hazeltine (Physics and E.E., Stevens), D. L. Holl (Math., 
Iowa State), E. M. Pugh (Physics, Carnegie), B. R. Teare, Jr. 
(E.E., Carnegie), J. H. Weaver (Math., Ohio State), and J. W. 
Cell (Math., N. C. State), chairman. 

The ‘‘ Report on the Aims and Scope of Engineering Curricula’’ 
(JOURNAL OF ENGINEERING Epucation, v. 30, March 1940, pp. 563- 
564) states that 

‘*The scientific-technological studies should be directed toward : 

1. Mastery of the fundamental scientific principles and a com- 
mand of basic knowledge underlying the branch of engineering 
which the student is pursuing. This implies: 

a. grasp of the meaning of physical and mathematical laws, and 
knowledge of how they are evolved and of the limitations in their 
use ; 

b. knowledge of materials, machines, and structures. 

2. Thorough understanding of the engineering method and ele- 
mentary competence in its application. This requires: 

a. comprehension of the interacting elements in situations which 
are to be analyzed ; 

b. ability to think straight in the application of fundamental 
principles to new problems; ... . 
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In an address given in December, 1940, to the National Council 
of Teachers of Mathematics Dr. Marston Morse said: 

‘‘Teachers of mathematics should present to their pupils techno- 
logical and industrial applications whenever possible. This can 
and should be done without abandoning the concept of mathematics 
as a general tool.”’ 

Since 1938 the committee has gathered problems which illustrate 
the uses of mathematics, especially in junior and senior engineering 
courses. At the S. P. E. E. meeting held in the summer of 1941 
at the University of Michigan, this committee presented a prelimi- 
nary report consisting of 430 problems in typewritten form. The 
Mathematics Division authorized a preliminary edition and named 
an editorial committee consisting of Professors G. E. Moore (Math., 
Illinois), J. H. Weaver, and J. W. Cell, chairman. Through the 
support of President Doherty of the Carnegie Institute of Tech- 
nology, a grant-in-aid was secured from the Carnegie Corporation 
of New York City to finance the entire cost of a preliminary edition 
of 100 copies. These lithoprinted copies were circulated with the 
request for corrections, suggestions, and additional problems. 

At the §. P. E. E. meeting held in New York City in the summer 
of 1942, the editorial committee requested and received from the 
Mathematics Division and from the 8. P. E. E. authorization to 
publish these problems in book form as a report of the Mathematics 
Division, under the auspices of the 8. P. E. E. The Mathematics 
Division thereupon appointed a revision committee, consisting of 
Professors W. C. Brenke (Math., U. of Nebraska), G. E. Moore, 
C. C. Torrance (Math., Case), and J. W. Cell, chairman. This 
committee revised the preliminary edition and added some prob- 
lems. The final edition contains 510 problems. A non-royalty 
contract was made with the McGraw-Hill Book Company who, on 
their part, agreed to publish at a minimum per copy cost. The 
problem collection is now in press and will soon be ready for dis- 
tribution. 

Most of the problems are so stated that they are suitable for 
direct assignment to average and superior students. Some prob- 
lems, marked with asterisks, would more properly be used in outline 
form in the classroom or for bulletin board display. Some engi- 
neering terminology is necessary in the problem statements; but 
the committees have tried to keep the use of unfamiliar terms to a 
minimum, and have resorted at times to somewhat crude transla- 
tions into non-technical language. However, many engineering 
freshmen have some technical vocabulary derived from high school 
courses or from hobbies. 
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These problems by no means imply that mathematics courses 
should be solely utilitarian. It is important, furthermore, that the 
problems be used as supplementary material and for their avowed 
purposes. The necessary drill problems must continue to be of 
the traditional variety. This collection will be misused if there ts 
any attempt to teach junior or senior engineering concepts in the 
freshman or sophomore mathematics classroom. 

If teachers of engineering mathematics can use these problems 
to increase the effectiveness of mathematics instruction, and if engi- 
neering students find in them a challenging interest, then the work 
of these three committees will be genuinely rewarded. 











REPORT FOR 1942-43 COMMITTEE ON GRADUATE 
STUDY, S P. E. E. 


The Committee on Graduate Study had one meeting, severa! 
conferences between pairs of its members, and regular correspond- 
ence during the academic year 1942-43. This time was devoted to 
the establishment of the long-term function of the committee since 
it became evident at once that complete recommendations covering 
the broad fields of Objectives, Procedures, and Requirements for 
Advanced Degrees could not be made after a study of one or per- 
haps even two years. It was also understood that some time would 
be consumed in observing trends before recommendations for post- 
war procedures could be made. 


IMPORTANCE OF GRADUATE WORK 


There is agreement that engineering graduate study will in- 
crease greatly after the war and that its relative importance as a 
contribution to the total educational picture will grow. There is a 
belief that definite provision for graduate study is essential. 
‘‘Engineering colleges have carried graduate work and research 
work rather as a side line, without having made complete provision 
for it. This should be changed and the larger schools should make 
definite provisions for graduate study, just as they now do for 
undergraduate students. It is not sufficient for a student to study 
a fifth year and take some courses regularly offered to seniors 
which he did not have time to take.’’ Another writer comments, 
‘*T think we can certainly say that some engineering colleges have 
made definite provision for graduate work . . . a small school con- 
centrating on graduate work may have some advantages.”’ 

Emphasis is placed upon the significance of graduate study as 
an indirect but vital influence upon undergraduate teaching. ‘‘I 
think that the chief function of our universities is to educate the 
undergraduates. I also think no technical institution is likely to 
be first class unless it effectively develops graduate study. In our 
field a teacher who does not habitually do independent thinking— 
I am somewhat averse to the overworked word ‘research’—is not 
likely to show the undergraduate how to think. The graduate 
school then could create an atmosphere in which independent 
thinking is necessary ; this atmosphere is needed for good under- 


graduate work.’’ 
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RESEARCH 


There is no confusion as to the important function that research 
plays in the Graduate School. ‘‘As regards the student, we are 
trying to train him to be an independent thinker and investigator.’’ 
There is skepticism, however, as to the need for requiring each 
thesis to be a contribution to science. ‘‘A good deal of attention 
is given at times to the obligation of the university to add, through 
its graduate work, to the sum total of human knowledge. I think 
this is usually nonsense as regards graduate study . . . contribu- 
tions in graduate theses valuable to the community almost always 
come from the faculty.’’ 


OTHER OBJECTIVES 


Whether the major objective of graduate study is to specialize 
the student narrowly or to broaden his vision remains wide open 
for discussion. Industry usually expresses its interest in graduate 
students—particularly doctorates—on the basis of specialization. 
‘‘The basis (for the Ph.D degree) for engineers is that the man 
qualifying for the degree not only has outstanding competence in 
the engineering field, but also has a liking for advanced mathe- 
matics and physics and has the ability to equal mathematicians 
and physicists in grasping these subjects.’’ ‘‘The objectives 
should be to train men for design, research, and development.’’ 
‘‘Although graduate physicists and chemists are important in in- 
dustry, there is also a great need for men who have been trained 
in the applications of mathematics, physics, and chemistry to 
engineering problems and who have a keen appreciation of the 
limitations which must always be considered in commercial work.’’ 

The opposite or liberal point of view has supporters. ‘‘Grad- 
uate study is usually too narrow and too narrowing. Good men 
are often harmed by too great specialization in graduate study; 
this need not and should not be true.’’ ‘‘Is this the appropriate 
time to debate the possibilities of devoting Minor requirements to 
the development of skills which may contribute to public service 
rather than those which are aimed at increasing individual pro- 
fessional proficiency?’’ ‘‘Graduate study should consist of a 
continuation of the study of fundamental sciences, a review of those 
subjects imperfectly understood by the undergraduate, an exten- 
sion of topics briefly treated on the undergraduate level, and the 
introduction of advanced material requiring undergraduate courses 
as prerequisites.”’ 
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PROCEDURES AND REQUIREMENTS 


Quotations will quickly point out the problems that need dis- 
cussion on institutional procedures. ‘‘I think the matter of ad- 
mission should be left to individual departments.’’ ‘‘Satisfactory 
grades are not sufficient. They should be coupled with a real de- 
sire for learning and research.’’ ‘‘In respect to the 1100 masters’ 
degrees and the 144 doctors’ degrees in engineering in that year, 
I wonder what degree of uniformity in requirements exists among 
the various engineering schools that awarded these degrees.’’ 
‘‘The admission of qualified undergraduates (seniors) is not only 
to be permitted but encouraged, when the student is qualified 
and will be benefitted by such study.’’ ‘‘The professional degree 
(6 year course) may be granted by the several departments.”’ 
‘‘There is an advantage in having students returned to these theo- 
retical studies (mathematics, physics, and chemistry) rather than 
having the theoretical studies given in a longer undergraduate 
program.’’ 


DETAILS OF OPERATION 


The following comments refer to degrees, residence, languages 
and thesis requirements. ‘‘I do not believe that the engineering 
colleges should keep complete jurisdiction over their graduate stu- 
dents and give them a special degree such as Doctor of Engineer- 
ing.’’ Another committee member says, ‘‘Based upon tradition 
and the concept ‘love of learning,’ the Ph.D. is the most appro- 


priate.’’ ‘‘I believe we will agree to a minimum of thirty weeks 
of full-time work for the master’s and ninety weeks for the doc- 
tor’s degree. Full-time I think means just that . . . the man is 
not devoting a considerable part of his time to work unrelated to 
his studies.’’ ‘‘The requirements for foreign language are too 
arbitrary.’’ ‘‘I think the thesis an important part of training 


for the master’s degree.’’ Another writer disagrees, ‘‘The mas- 
ter’s degree does not ordinarily stand for ability in research, but 
more generally for mastery of the subject. For the doctorate, of 
course, the nucleus of the degree is the ability to carry on a satis- 
factory research.’’ 


A PaneE.L Discussion 


In view of the many problems opened for discussion by the 
work of the Committee on Graduate Study in 1942-43, it is thought 
that a panel discussion would prove useful at the annual meeting 
in Chicago in June 1943. It is planned to invite about twenty 
persons who have special association with graduate students and 
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graduate programs to sit around a table and participate in an open 
discussion of these problems through a two-hour session. All 
others will be invited to be present as auditors. All discussion will 
be taken down by a secretary and this running report will be ex- 
pected to form the basis of the committee’s study for the coming 
year. After its careful analysis and study by the committee, this 
report should ultimately give rise to a series of recommendations 
concerning the Objectives, Requirements, and Procedures of gradu- 
ate study in engineering. 

L. E. Grinter, Chairman, 

JOHN W. M. BuNKER, 

Harpy Cross, 

H. J. Masson, 

R. W. SorENSEN, 

ALFRED H. WHITE. 


NEW MEMBERS 


ANDREASSEN, ALEXANDER T., Tutor in Civil Engineering College, City of New 
York, New York City. zw J. Theobold, C. Ramberg. 

AVEY, HARRY T., Associate Professor of Mechanics, University of Wisconsin, 
Milwaukee, Wis. H. E. Grant, B. G. Elliott. 

BAcKER, GERALD H., Associate Professor of Applied Mechanics, University of 
Kentucky, Lexington, Ky. R. D. Hawkins, E. A. Bureau. 

BaILey, ALBERT D., Instructor in Electrical Engineering, University of Illinois, 
Urbana, Ill. M. A. Faucett, G. R. Peirce. 

BASKERGILL, WILLIAM H., Associate Professor of Chemical Engineering, Uni- 
versity of Tenn., Knoxville, Tenn. R. M. Boarts, R. W. Morton. 

BIBERSTEIN, FRANK A., Associate Professor of Civil Engineering, Catholic Uni- 
versity, Washington, D.C. F. L. Bishop, Nell McKenry. 

BILLHARTZ, WM. H., Professor of Physics, Franklin College of Indiana, Frank- 
lin, Ind. F. L. Bishop, Nell McKenry. 

BogeMaA, MarvIN, Assistant Professor of Hydraulics, Cornell University, Ithaca, 
N. Y. L. D. Doty, C. L. Walker. 

Brazpa, Lumir P., Instructor in Architecture and Engineering, Wilson City 
College, Chicago, Ill. F. L. Bishop, Nell McKenry. 

BuRROUGHS, FREDERICK D., Educational Director, Utilities Engineering Insti- 
tute, Chicago, Ill. F. L. Bishop, Nell McKenry. 
ByERLAY, Henry L., Professor of Electrical Engineering, Lawrence Institute 
of Technology, Highland Park, Mich. F. L. Bishop, Nell McKenry. 
CHAMBERS, CaRL C., Associate Professor of Electrical Engineering, University 
of Pennsylvania, Philadelphia, Pa. Harold Pender, C. D. Faweett. 

CLUVERIUS, WaT T., President, Worcester Polytechnic Institute, Worcester, 
Mass. F. W. Roys, J. W. Howe. 

CrousE, WILLIAM H., Service Engineer, Deleo-Remy Div., G.M. Corporation, 
Anderson, Ind. F. L. Bishop, Nell McKenry. 

Davipson, GrorGe A., Assistant Professor of Electrical Engineering, Okla- 
homa A. & M. College, Stillwater, Okla. A. Naeter, E. R. Stapley. 

Dyz, EpwarpD R., Professor and Head, Dept. of Civil Engineering, Montana 
State College, Bozeman, Mont. M. R, Good, R. T. Challender. 


Man ma ep. 
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Euuiorr, Roy W., Comptroller, Municipal University of Wichita, Wichita, Kan- 
sas. E. D. Hay, V. P. Hessler. 

FISCHER, BERNHARD, Instructor in Electronics and Math., University of Cali- 
fornia, Berkeley, Calif. F. L. Bishop, Nell McKenry. 

Foster, CHARLES A. B., Assistant Professor of Engineering and Manager, Va. 
Poly. Inst., Richmond, Va. F. L. Bishop, Nell McKenry. 

Goong, Henry P., Assistant Professor of Mechanical Engineering, Stanford 
University, Calif. E. L. Grant, A. 8. Niles. 

GordER, LESLIE O., Professor of Radio, Chicago Technical College, Chicago, 
Ill. F. L. Bishop, Nell MeKenry. 

Harris, Boyp T., Representative, The Macmillan Co., 60 Fifth Avenue, New 
York City. F. L. Bishop, Neli McKenry. 

Harris, L. Date, Instructor in Electrical Engineering, University of Utah, 
Salt Lake City. A. L. Taylor, R. H. Hull. 

HoNNELL, Martiat A., Asst. Prof., Head, Communications Div. Electrical 
Engineering Dept., Ga. School Tech, Atlanta, Ga. R. L. Sweigert, D. P. 
Savant. 

Jacoss, Roy K., Associate in T. & A. Mechanics, University of Illinois, Urbana, 
Ill. N. E. Ensign, F. B. Seely. 

JOHNSON, Emory E., Assistant Professor of Civil Engineering, 8. D. State 
College, Brookings, 8. D. €. C. Oleson, H. Blickensderfer. 

Jupy, CLinton K., Professor of English, California Institute of Technology, 
Pasadena, Calif. Franklin Thomas, R. W. Sorensen. 

KEPLER, FRANK R., Supervisor, Dept. Voc. Ed., Asst. Prof. Industrial Arts Ed., 
Detroit Publie Schools, Detroit, Mich. A. R. Alliason, R. H. Schoonover. 

La Pierce, WALTER A., Instructor in Electrical Engineering, Columbia Uni- 
versity, New York City. W. A. Curry, J. A. Balmford. 

LUZADDER, WARREN J., Assistant Professor of Engineering Drawing, Purdue 
University, Lafayette, Ind. J. N. Arnold, D. W. Thomas. 

Mack, Davin J., Assistant Professor of Chemical Engineering, University of 
Tennessee, Knoxville, Tenn. R. M. Boarts, R. W. Morton. 

MEDLIN, JOHN W., Instructor in Mechanical Engineering, University of Wis- 
consin, Madison, Wis. B. G. Elliott, Noble Sherwood. 

MorRKOVIN, Dimitry, Instructor in T. & A. Mechanics, University of Illinois, 
Urbana, Ill. F. B. Seely, J. O. Draffin. 

MorTLAND, JAs. A., Assistant Professor of Engineering Drawing, University 
of Tampa, Tampa, Fla. F. L. Bishop, Nell MeKenry. 

OGLEsBY, JOHN L., Instructor in Chemical Engineering, University of Ten- 
nessee, Knoxville, Tenn. C. R. Plummer, R. M. Boarts. 

PEEBLES, JOHN B., Chairman, Div. of Engineering, Emory University, Atlanta, 
Ga. F. L. Bishop, Nell McKenry. 

PESMAN, GERARD J., Assistant Professor of Mechanical Engineering, Montana 
State College, Bozeman, Mont. R. E. Gibbs, E. W. Schilling. 

REYHNER, THEODORE O., Instructor in Physics, The Cooper Union, New York 
City. Hugh Halsey, G. F. Bateman. 

SHuTTs, WILLIAM H., Instructor in Mechanical Engineering, University of 
Colorado, Boulder, Colo. Warren Raeder, H. 8. Evans. 

SmirH, WiLu1AM C., Assistant Professor of Electrical Engineering, University 
of Maryland, College Park, Md. L. J. Hodgins, J. H. Clouse. 

SODERBERG, C. RICHARD, Professor of Mechanical Engineering, Massachusetts 
Institute of Technology, Cambridge, Mass. A. L. Townsend, J. H. Keenan. 

SORENSEN, ELMER P., President, Utilities Engineering Institute, 1314 Belden 
Ave., Chicago, Ill. F, L. Bishop, Nell MeKenry. 
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TARPLEY, CLARENCE E., Instructor in Engineering Mechanics, New York Uni- 
versity, New York City. J. K. Vennard, H. E. Wessman. 

TASKIN, HaLDAN K., Instructor in Mechanical Engineering, Marquette Univer- 
sity, Milwaukee, Wis. J. R. H. Douglas, W. D. Bliss. 

TEMPLE, VAN B., Professor of Mathematics and Engineering, Louisiana Col- 
lege, Pineville, La. F. L. Bishop, Nell MeKenry. 

THEURER, ELLEN K., In charge of Engineering Library, University of Michi- 
gan, Ann Arbor, Mich. H. E. Keeler, R. 8. Hawley. 

VARTERESSIAN, KEGHAM A., Instructor in Chemical Engineering, The Penn- 
sylvania State College, State College, Pa. F. L. Bishop, Nell MeKenry. 

Vissat, Perer L., Instructor in Experimental Engineering, Corneil University, 
Ithaca, N. Y. F. L. Bishop, Nell McKenry. 

Watson, HERBERT M., Radio Engineer, KBLW, 3622 Clinton Ave., Richmond, 
Calif. J. 8. Thompson, F. L. Bishop. 

WILSON, CLYDE H., Professor of Industrial Education, University of Tennessee, 
Knoxville, Tenn. R. T. Brown, A. T. Granger. 

Zur Bur@, FREDERICK W., Head, Dept., Chemical Engineering, Southwestern 
Louisiana Inst., Lafayette, La. G. G. Hughes, H. R. Mason. 

Associate Membership: BraDLEY POLYTECHNIC INSTITUTE, Peoria, Ill., F. R. 
Hamilton, President. 

299 individual + 1 institutional member (new) this year. 


COLLEGE NOTES 


South Dakota School of Mines and Technology.—A name 
borne by the State School of Mines for the fifty-six years of the 
school’s existence was changed by the South Dakota Legislature at 
its recent session. It is now the South Dakota School of Mines 
and Technology. 

A new $200,000 administration-museum building was completed 
and dedicated last fall. It is called the ‘‘O’Harra Memorial Build- 
ing’’ in honor of the late Dr. C. C. O’Harra, president of the school 
for twenty-four years. 
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SECTIONS AND BRANCHES 


The Fall Meeting of the New England Section of the Society 
was held at Wentworth Institute, Boston, Massachusetts, on Satur- 
day, October 17, 1942. The total registration was 247 members and 
guests. 

The following conferences were held : 


A. Chemical Engineering—Room 5, Attendance 30. 

Chairman: C. A. Brautlecht, University of Maine. 

The Accrediting Program of the American Institute of Chemical 
Engineers. Albert B. Newman, Dean of the School of Tech- 
nology, College of the City of New York; Chairman of the 
Accrediting Committee of the A.I.Ch.E. 

What Does the Industrialist Want in Undergraduate Chemical 
Engineering Training? John Healy, Director of Develop- 
ment and in Charge of Procurement of Technical Men, Merri- 
mac Division, Monsanto Chemical Company. 

B. Civil Engineering—Room 14, Attendance 20. 

Chairman: A. D. Taylor, Norwich University. 

The Use of Models and Demonstration Equipment as Aids in 
Teaching Soil Mechanics to Undergraduates. Russell R. 
Skelton, University of New Hampshire. 

Sanitary Engineer as a Profession. E. Sherman Chase, Metcalf 

and Eddy. 

Discussors: Ralph W. Horne, Fay, Spofford and Thorndike; 
Edward W. Wright, Massachusetts Department of Public 
Health. 

C. Drawing, Design and Shop—Drawing Room 4, Attendance 14. 

Chairman: Arthur W. Leighton, Tufts College. 

Dimensional Control. A. G. Beal, Production Engineer, The 
Foxboro Company. 

The Relation of Engineering Drawing to Plant Engineering. 
Philip Wilmarth, Plant Engineer, Blanchard Machine Com- 
pany. 

D. Economics—Room 9, Attendance 8. 

Chairman: W. 8S. Lake, Northeastern University. 

Should War Economics Be Emphasized ? 

E. Electrical Engineering—Auditorium, Attendance 44. 

Chairman : Victor Siegfried, W.P.I. 

What Mathematical College Training Industry Expects from 

Young Engineers. A. R. Stevenson, Jr., General Electric 
Company. 
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Discussors : C. A. Powell, Westinghouse Electric and Mfg. Co. ; 
Wayne E. Keith, New England Telephone and Telegraph Co. 
F. Engineering School Libraries—Room 6, Attendance 15. 
Chairman: Mrs. Ruth McG. Lane, M.I.T. 
Instruction of Engineering School Students in Library Usage 
and Research. 
Educational Responsibilities of Engineering School Librarians. 
Technical Institute Libraries. 
G. English and Engineering Education—Room 4, Attendance 28. 
Chairman: H. R. Bartlett, M.I.T. 
Making Composition Teaching More Effective. Charles Kerby- 
Miller, Wellesley College. 
Diseussors: Frederick W. Holmes, Northeastern University ; 
Kenneth L. Knickerbocker, R.1.8.C. 
H. Mechanical Engineering—Room 12, Attendance 40. 
Chairman: R. W. Wales, R.I.State. 
The Application of Dimensional Analysis to Experimental 
Work. A. H. Shapiro, M.I.T. 
Relation of Aeronautics to the Course in Mechanical Engineer- 
ing. I. I. Sikorsky, Vought-Sikorsky Aircraft. 
I. Mechanics and Strength of Materials—Room 10, Attendance 15. 
Chairman: F. N. Weaver, Tufts College. 
Objectives and Methods in Materials Testing Laboratory 
Courses. E. D. Kingman, W.I. 
Breadth vs. Depth in Strength of Materials Courses. D. G. 
Downing, W.P.I. 


From 12:45 p.m. to 1:45 p.m. 149 members and guests enjoyed a 
Naval style luncheon in the cafeteria of Wentworth Institute. Fol- 
lowing the luncheon, a brief business meeting was conducted with 
Dean Garran presiding. Dean Garran introduced Mr. Tudbury, 
Chairman of the Local Committee, who extended a welcome on be- 
half of Wentworth Institute. The secretary read the minutes of 
the 1941 meeting and presented the financial report up to October 
15, 1942. The minutes and financial report were approved. 

J.S. Thompson, Treasurer of the Society, was next presented 
and extended greeting on behalf of the officers of the national so- 
ciety. Dean Garran also called on past presidents C. Frank Allen 
and D. C. Jackson who made brief remarks. Wayne E. Keith, who 
had the responsibility of the News Bulletin for 1942, was next in- 
troduced. 

Announcement was made that the section had invitations to hold 
its 1943 meeting outside of Boston but in view of the present trans- 
portation situation, it might be necessary for the meeting to be held 
in Boston again. 
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The afternoon meeting was held in the auditorium with an at- 
tendance of 132 and the following program : 

General Theme—Instructional Methods. 

Chairman: Frank W. Garran, Thayer School of Engineering, 
presiding. 

Teaching Methods. J. W. Howe, W.P.I. 

Visual Instruction. W. P. Kimball, Thayer School of Engineer- 
ing. 

Examinations. R. H. Frazier, M.I.T. 

Wartime Demands for Engineers. T. K. Miles, War Require- 
ments Unit, National Roster of Scientific and Specialized Personnel. 

From 5:00 to 6:00 p.m. a showing of Navy movies was given in 
Room 4. The annual dinner was held at 6:15 p.m. in the audi- 
torium—attendance 160. 

Mr. Tudbury extended greetings to all those present on behalf 
of Mr. F. E. Dobbs, Principal of Wentworth Institute, who was pre- 
vented from being present due to illness in his family. The secre- 
tary announced that the total attendance was 247 with 19 schools 
and 9 industries represented. The highest attendance was from 
Northeastern with 42, Wentworth with 41, and M.I.T. with 37. 
In accordance with custom, the secretary read the constitution of 
the section. 

R. D. Douglass, Chairman of the Nominating Committee, pre- 
sented its report, nominating Frank W. Garran for Chairman, C. 
E. Tucker for Secretary, and C. L. Dawes for Sectional Representa- 
tive on the National Nominating Committee for the ensuing year. 
Dean Garran then turned the chair over to Professor Morgan who 
put the nomination to vote and the secretary was authorized to cast 
one ballot for the nominees. 

Dean Garran then called on W. C. White, Chairman of the 
Resolutions Committee, for its réport. The following resolutions 
were presented and unanimously accepted by the section. 


BE 1T RESOLVED 
that the New England Section of the Society for the Promotion 


of Engineering Education, mindful of the very gracious and 
thoughtfully planned hospitality that has been accorded its mem- 
bers and their guests by the faculty and faculty wives of Went- 
worth Institute throughout the annual meeting of the Section on 
Saturday, October 17, 1942, express to these generous hosts the 
sincere and hearty thanks of all who are privileged to share in the 
conferences today ; 

that the Section also voice its appreciation to Dean Frank W. 
Garran of the Thayer School of Engineering and to Professor 
Carlton E. Tucker of the Massachusetts Institute of Technology, 
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for their capable administration of the affairs of the Section during 
the troubled year in which our country was plunged. into world 
wide war, to Professor Chester W. Tudbury of Wentworth Institute 
for the many hours he has so cheerfully given to the perfecting of 
arrangements for this fall meeting; and finally 
that the Section extend its hearty thanks to Mr. Wayne E. Keith 
of the New England Telephone and Telegraph Company to whom 
it is once again indebted for the compiling of a very useful and in- 
teresting news bulletin. 
Respectfully submitted, 

Wiuiam C. Wurst, Chairman, 

FRANK M. GaGeEr, 

JoHN H. Lampe. 


The Chairman then introduced James H. Powers, Foreign Editor 
of the Boston Globe, who gave the address of the evening on the 
subject ‘‘How Long a War?—An Analysis of Hitler’s Summer 
Campaign, and Its Bearing Upon War Plans.’’ This address 
proved to be very interesting to those present. 


FINANCIAL REPORT 
October 15, 1942 





Receipts 
Oadh. in Bank. October 15,: 1068 . wiiiccicoic cs tsasvvcsiadst¥ ieee $26.74 
Receipts from Hanover Meeting ..............eceeccecevees 51.75 
TROUOR 656 os ke ahs Heh Wa N clay vie bay's CE OR NEt See 3 
$79.02 

Expenditures 
ae NP Sey er eer grraee iy Cee unter ak PC We oe $26.55 
POURDEE 00 o's. 60'5 sels sWhiiinge sb capand o lbs oad peek Sees ye ee 17.08 
RPE OE ee eh eT irre OEP Rep em Me 3.50 
Taxi delivering proof and programs ...............0++++e00: 2.65 
Cash in Bank ..... Ser ee err rt Oe he pe eS 29.24 
$79.02 

October 23, 1942 

Net Receipts from Wentworth Meeting ...............-.4++- $10.93 


The officers of the Southwest Section, S. P. E. E., for 1943-44 
are: 
Chairman—H. F. Godeke, Texas Technological College, Lub- 
bock, Texas. 

Vice-Chairman—V acancy—to be filled by executive committee. 

Secretary-Treasurer—H. C. Dillingham, A. & M. College of 
Texas, College Station, Texas. 

The 1943 Annual Meeting scheduled for Texas Technological 
College has been postponed to Spring Recess, 1944. 

H. C. DmuineHay, Sec. 
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Agricultural & Mechanical College of Texas 


CHANGES IN DRAWING CURRICULA 


The Engineering Drawing teacher must be alert to different ideas and 
changes in drafting room practice to meet present day demands of industry. 
New and improved tools, together with changing methods of fabrication and 
assembly, create needs for improved drafting methods and more emphasis on 
subjects that have had very little attention previously. 

Drawing like many other subjects is becoming more pressed for time 
yearly and modern trends in industry demand that the drawing teacher spend 
at least one hour or more a week in lecture and demonstration to give the 
student enough theory for him to familiarize himself in practice (laboratory) 
with the drafting field, especially since so many young engineers must spend 
some time in the drafting room. However, this drafting board experience gives 
him an excellent opportunity to acquaint himself with materials, design, and 
construction. 

Pictorial representation is being given more consideration today than 
heretofore and Associate Professor J. G. McGuire, of the Engineering Drawing 
Department of Texas A. and M. College, points out this use in the following 
paragraphs. 

As the E.S8.M.W.T. Teacher of Drafting looks for things to better qualify 
his students for positions in industry, he should not overlook pictorial draw- 
ings as used by many aircraft industries at the present time. 

This writer would like to call the reader’s attention to an article entitled 
‘*Perspective Drawing Speed Plane Assembly’’ which appeared in the June, 
1942, issue of Aviation. These so-called perspective drawings are known in 
the aircraft industry as ‘‘production illustrations.’’ The principles of iso- 
metric and oblique are used. The pictorial drawings supplement, and in some 
cases take the place of, blueprints in the assembly line. In this way the un- 
trained worker is enabled to work on an assembly with relatively little super- 
vision. Such drawings, according to tests by aircraft companies (Aviation, 
June, 1942), save much time on the assembly line for the trained, as well as 
the untrained worker. The unique principle of this type of illustration is 
that ‘‘certain parts are pulled out of position when necessary, for clarity.’’ 

Many schools are now offering training in this type of drafting. In view 
of this trend, it may be well for the college engineering drawing departments 
to give consideration to the possibility of the incorporation of such a unit in 
the regular engineering drawing courses, as well as the E.S.M.W.T. training 


courses, 
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NEWS SQUIBS 


The Engineering, Science, and Management War Training schools are 
rendering valuable service to the war effort. Professor W. G. Smith of the 
Defense Training Institute of the Engineering Colleges of Greater New York 
states ‘‘that they are qualifying people for jobs between the manual workers 
and the Engineering Graduates for a big field including inspectors, draftsmen, 
assistants, clerks, etc. This training includes the basie essentials in the first 
two years of engineering education.’’ 


Mr. A. M. Merrill, Principal Naval Architect, U. 8S. Navy Yard, Brooklyn, 
N. Y., sums up the Practical Application of Descriptive Geometry in the Ship- 
yard and Drafting Room as follows: 


‘*In applying the principles of descriptive geometry to the practical pur- 
poses of ship design, we are concerned with it as a branch of drawing or as 
a graphical language, our interest being in establishing the practical objec- 
tives toward which a drafting department in a technical or engineering school 
should work in preparing engineers and naval architects, rather than mathe- 
maticians or statistical computors. By practical objectives is meant the gain- 
ing of knowledge and skill in preparing engineering ship drawings of some 
complexity, developing the ability to think on paper, to solve problems 
graphically and to interpret technical design, using the geometrical laws which 
underlie the science of graphical expression to give an accurate representation 
of a ship, its structure, or parts thereon. Marine engineering and ship de- 
sign require this ground work probably more than any other branch of tech- 
nology, as in it are included the principal phases of technical design, wherein 
the theory and laws of orthographic projection, the true length of a line in 
space, plane surfaces and their intersections, curved lines and curved surface 
intersections, isometric drawing as an exact system, and other geometric prin- 
ciples, are all used extensively throughout the design. 

** As far as drafting is concerned, we in ship design are not only interested 
in plotting and fairing the ship’s lines, which are the contours of horizontal, 
vertical, transverse, and diagonal plane intersections as passed through the 
ship, all to be discussed later; but also in such phases of descriptive geometry 
as would be applicable to layout and three-view development work, that is 
required in the design of ship’s structural, piping, ventilation, electrical and 
mechanical design work, and also in preparing clearance studies of lines of 
sights for navigational and other instruments, and lines of gun fire on naval 
vessels, assuming among other conditions those of rolling and pitching simul- 
taneously.’’ 


Mr. Gene H. Brock of the Engineering Drawing Department of Texas A. 
and M. College explains the Silk Screen Process Printing for Preparing Posters 
in Color. 

*¢Printing materials for silk screen process work may be purchased at 
most art supply stores: the printing frames for mounting the silk is a job of 
simple carpentry. 

‘*The stencil is cut from Nufilm or Profilm, trade names for a thin film of 
colored synthetic material mounted on a glassine base or paper. Cutting the 
stencil is simply outlining the letters or design with a thin sharp stencil knife 
and peeling the film off the glassine. The stencil is then adhered to the silk. 
After the adhering liquid is dry the glassine is removed and the stencil is 
ready for printing. : 
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‘*The frames that mount the stencil are hinged to a base so that proper 
registering of colors is possible. Printing is processed by pushing the paint 
through the stencil with a squeegee. A stencil must be prepared for each color 


used.’? 


ENGINEERS’ COUNCIL FOR PROFESSIONAL 
DEVELOPMENT 


Interesting and useful reference material on what engineers are 
doing in selecting and training new personnel for the profession 
and in elevating the status of engineers in general is contained in 
the tenth annual report of Engineers’ Council for Professional 
Development. Included in the report is a list of engineering cur- 
ricula approved by E.C.P.D. as of October 18, 1942. Note that 
the curricula so accredited are those functioning before the recently 
announced Army and Navy college training programs became 
operative. A total of 551 curricula, at 131 institutions, are cur- 
rently on the approved list. In addition, several other curricula, 
such as aeronautical and industrial engineering, are listed as op- 
tions of the regular courses in some of the older curricula. 

In his report, Robert E. Doherty, E.C.P.D. Chairman and 
President of Carnegie Institute of Technology, reviewed activities 
of the year, relating the Council’s functions to present world con- 
ditions, and referred to the work of the several committees. Espe- 
cially he referred to the E.C.P.D. conference in September to dis- 
cuss the problems of engineering manpower. At this conference 
were representatives of several government agencies who are ad- 
visory to the War Manpower Commission regarding the reserves 
of professional and scientific men ; also present were representatives 
of a number of war industries employing large numbers of engi- 
neers. As a result of this conference, a resolution was forwarded 
to the War Manpower Commission urging a more efficient use of 
available engineers and suggesting means for increasing their 
number. 

The Committee on Student Selection and Guidance, R. L. 
Sackett, chairman, reported continuing assistance in the guidance 
of high-school students to a better understanding of the engineering 
field, and, particularly, summarized the findings of its study of 
tests and aptitudes of both arts and engineering students, as car- 
ried out in representative universities and high schools during the 
previous year. 

Besides indicating progress in its usual activities, the Committee 
on Professional Training, Everett S. Lee, chairman, emphasized a 
new project—a manual for junior engineers—the preparation of 
which is now being undertaken. The Committee on Professional 
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Recognition, Charles F. Scott, chairman, reported activity in its 
program of stressing the professional phases of the engineer’s life. 
To this end, over 10,000 copies of an address by President W. E. 
Wickenden, of the Case School of Applied Science, were sold, and 
the committee was also instrumental in its reprinting by several 
engineering society journals. 

Certain ‘‘Canons of Engineering Ethies’’ were proposed by the 
Committee on Principles of Engineering Ethies, D. C. Jackson, 
chairman, which are printed in the E.C.P.D. Report. This at- 
tempt to formulate ethical standards for engineers in a written 
code follows similar codification of principles by some other pro- 
fessional groups. These canons have been referred to the boards 
of the constituent organizations for suggestions or acceptance. 

Reports by representatives of the eight constituent societies in- 
cluded in E.C.P.D. are printed herein, as is also an account of the 
Council’s annual dinner. The retirement of R. L. Sackett, emeri- 
tus dean of engineering, The Pennsylvania State College, from the 
chairmanship of the Committee on Student Selection and Guidance 
after ten years was noted, the dinner report containing the tribute 
to Dean Sackett. 








SOCIETY FOR THE PROMOTION OF ENGINEERING 
EDUCATION 


Nominations for 1943-44 
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For 2nd Vice Pres. : 


For Members of Council for three years 


(7 to be elected) 





























(signed ) 
(address) 








Names of nominees, ‘‘on the form provided,’’ must reach the secre- 
tary, F. L. Bishop, University of Pittsburgh, Pittsburgh, Pa., not 
later than May 15, 1943. 
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WHY ATTEND THE ANNUAL MEETING? 


By F. L. BISHOP 


Secretary of the Society 


Another annual meeting of the Society will be held June 18-20, 
1943, at the Drake Hotel, Chicago, Illinois—lIllinois Institute of 
Technology and Northwestern University acting as hosts. This 
year we are celebrating the golden anniversary of the founding of 
the Society. Probably not more than seven or eight hundred mem- 
bers will be in attendance (under normal conditions we could ex- 
pect about 2,000). Why do they come? 

Have you stopped to analyze the motives of so many teachers 
who attend these meetings? Some travel many weary miles. 
Many come from very short distances. They sit beside you at the 
meetings. They talk to you and to others. They listen to the 
speakers. Ask questions. Disagree with the speakers. Present 
a new point of view. Attend numerous conferences. 

Do you wonder why these teachers attend these meetings? They 
come to learn how to improve their teaching. What do they ex- 
pect to take away? They cannot tell you in so many words but if 
you watch their teaching when they return to their classes, the 
improvement which is evident shows you what they have taken 
away. It is there in the classrooms that they put into action the 
things which they have learned at the meeting. Many pet ideas 
in regard to certain methods are discarded because these teachers 
are cognizant of the new trend in education and in training. This 
year, more than ever before, every member who can take the time 
away from his classes should attend the meeting in Chicago. There 
he will hear from representatives of the Army, the Navy, and the 
War Manpower Commission, in addition to other authorities on 
engineering education. 

These, I think, are some of the opportunities which present 
themselves to those who attend our annual meetings. The inspira- 
tion ‘‘to carry on’’ is possibly the greatest contribution which the 
annual meeting has to make to each and every one who attends. 
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STAFF MEMBERS AND ENGINEERING ENROLLMENT, 
NOVEMBER, 1942 
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166 institutions, including the University of Alaska, the University of Hawaii, and the University of Puerto Rico. 


Replies were received from 





fro uestionnaire distributed by the National Roster of Scientific and Specialized Personnel to 172 engineering schools. 
anton por peered ablatig luding the University of Alaska, the University of Hawaii, and the University of Puerto Rico. 
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TIME 


By JOHN ANDERSON 
Professor of Civil Engineering, The Citadel 


‘*Time goes you say? Ah no! Alas, Time stays, we go.’’ 
—Austin Dobson. 


(The reader is to suppose that having partaken of a very satis- 
fying mid-day repast he has seated himself in an obscure corner of 
the astronomy class room. An aura of unreality seems to pervade 
the atmosphere. ) 

Good afternoon, gentlemen! The question today is ‘‘ What is 
Time?’’ You have the answer? ‘‘Time is’’—yes? yes?—‘‘is well 
—ah—just time.’’ Perhaps so, but that seems to me like a vicious 
circle that didn’t get started! Probably there isn’t any such thing 
as time. One of my learned confreres has said ‘‘of time, as of 
space, we cannot assert a real existence. It is not in things, but in 
our mode of perceiving them.’’ Tom Carlyle writes in ‘‘Sartor 
Resartus’’ of the ‘‘two quite mysterious world embracing phan- 
tasms, time and space.’’ We live only in the present and what 
these gentlemen are trying to say is that time is just a state of 
mind. It is and it isn’t. Let’s see what help we can get from 
our old standby, the Dictionary. We find ‘‘Standard’’ defining 
time as ‘‘the general idea, relation or fact of continuous or succes- 
sive existence.’’ ‘‘Oxford’’ (quite a good one; it takes about five 
feet of space on our library shelf) says it is ‘‘a limited stretch or 
space of existence.’’ ‘‘International’’ tells us, with what appears 
to be an attempt at a joke, it is ‘‘that in which events are distin- 
guished with reference to before and after.’’ Now do you know 
what time is? It seems to me that all those dictionaries are just 

shuffling words and they might just as well have stopped with my 
young friend’s ‘‘ Time is time.’’ 

But why bother with a definition? It is perhaps safer to assume 
that you know what I am talking about. At least we all appreciate 
that certain events like Fourth of July and Christmas are not cele- 
brated on the same day. It is also quite plain that there is a 
greater hiatus between supper and breakfast than between break- 
fast and dinner. Our senses (and the radio) tell us that ‘‘time 
marches on’’ but we are pretty poor judges when it comes to telling 

just how much has gone by. If you went to church on Sunday you 
were probably willing to swear on the customary stack of Bibles 
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that the parson preached for an hour. Actually it was only nine- 
teen minutes and the preacher was wondering how his twenty min- 
utes got by before he said half of what he had in mind! 

Measurement of any sort requires that we use a unit. Often 
we have a choice of units. Distance can be measured along a road 
in feet, or in yards, or in miles. It makes no great difference be- 
cause everybody knows ‘‘3 feet one yard, 1760 yards one mile.’’ 
If time is to be measured there are three units we could use, the 
DAY, the MONTH, or the YEAR. Unfortunately, unlike the foot, yard. 
and mile, these three units are incommensurable. This sesquipe- 
dalian word is just a fancy way of saying that there are not an even 
number of days in a year, or in a month, nor can you fit an exact 
number of months into a year. Now this is just one of ‘‘those 
things’’ but it has given rise to centuries of political, scientific and 
ecclesiastical squabbling. 

The pay has been selected by scientists as the unit, since it seems 
to be the easiest one to use. The Professor of Physics across the 
hall has been telling you that the sEconp is the unit of time, but if 
you pin him down he will have to admit that he gets his second by 
dividing a day into 86,400 parts. 

But whether the unit be a day, hour, minute, or second, measur- 
ing time seems so little of a job that we leave it to a mere machine. 
When we want to know what we call THE TIME (which is something 
we find even more intangible than plain TrmE when we try to de- 
fine it) we glance casually at a watch or a clock. 

But clocks and watches have a way of stopping at the most in- 
convenient moments. What do you do when your watch stops? 
Most likely you ask your neighbor for ‘‘the time.’’ Thereupon he 
consults his timepiece, scratches his ear, and says, ‘‘ Well, my watch 
was three minutes slow yesterday and five minutes fast last Thurs- 
day, so I guess it’s about three thirty.’’ As this seems slightly 
indefinite perhaps you go down town to the Western Union office 
and get the RIGHT time. 

Now how does Western Union know that their time Is the cor- 
rect time? The neat little signs on their clocks say they give 
‘‘Naval Observatory Time Hourly.’’ There is a slight (perhaps 
pardonable) inexactitude in this statement, but at least the signs 
seem to divulge the source of correct time—the Naval Observatory. 

Let us suppose we are keen enough in our search for this elusive 
quantity and take ourselves to Washington to investigate its source. 
Armed with the necessary authority (these days it takes something 
better than an A-— 1- J priority to get past the gate) we approach 
the doorman and ask ‘‘ How do you know the time?’’ This seems 
to be an easy one. He replies, ‘‘By our clock; that one over there. 
It’s the one that sends out all the time signals, except when we are 
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using its twin brother next to it.’’ ‘‘ Quite so,’’ we say, ‘‘but how 
do you know that your clock is right?’’ ‘‘Oh! by comparing it 
with our master clocks. As a matter of fact it is seldom ever ex- 
actly right.’’ The latter part of this answer is a bit disturbing, 
but we see a gleam of light. ‘‘A master clock? Where is it?’’ 
And then we discover that Naval Observatory officials are quite 
pessimistic on the subject of clocks—it is not one master clock but 
four such creatures which they keep in solitary confinement in a 
veritable dungeon. Down in the nether regions of the observatory 
we find these clock aristocrats, each in its own airtight case and 
resting on its own solid masonry pedestal. The vault in which 
they repose is double-walled, air-conditioned, and triple-doored. 
Access to it is more difficult than to the gold depository at Fort 
Knox. It is hard to believe that such clocks exist, never touched by 
hand, wound automatically and never varying as much as a second 
in five years. 

We view these marvels with awe, feeling that at last we have 
discovered the place where the RIGHT TIME is to be found. It is 
only when we express this thought that we discover the real depths 
of Naval Observatory pessimism. We are astounded to find that 
they have so little faith in these wonderful clocks they have to 
check them every day. While this does seem like a wise precaution 
it presents another question which we immdiately voice. ‘‘ What 
do you check with? Whose clock po you trust?’’ The doorman 
sadly shakes his head and calls in the aid of a gentlemen with long 
white whiskers who is passing. ‘‘Ah! Father Time! Chronos! 
how stupid not to think of it!’’ we say. ‘‘Not at all,’’ says the 
doorman. ‘‘This is just one of our astronomers who has been try- 
ing to find the time ever since Cleveland was President. I am sure 
he can tell you what you want to know.’’ 

From the astronomer’s explanation it seems that to keep time we 
need some sort of moving object whose motion is steady, unvarying 
and perpetual. Furthermore it must be of such character that 
we can easily observe its movement. The only object complying 
with these specifications seems to be our earth. Recollecting your 
geography you will remember that the earth is a spheroidal body 
which rotates on its polar axis once a day and keeps on doing this, 
day after day, saecula saeculorum, with a regularity that cannot be 
equalled by any man made mechanism. 

As a consequence of the earth’s rotation, just as a person on a 
train sees the landscape rushing by, we see the stars, the sun and 
the moon, the planets and all the heavenly host apparently travel- 
ing westward. If our eyes were adapted to seeing these bodies in 
daylight the whole celestial pageant would be seen repeated daily, 
always returning exactly on schedule. 
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Although we were taught that the earth moves and the stars 
are fixed, we prefer to believe the evidence of our senses and we 
say that the sun rises and sets, and together with the stars, travels 
from east to west, completely round the earth once a day. Even 
the astronomer finds this erroneous conception so much more con- 
venient than the real state of affairs that he adopts it and speaks of 
the stars passing around the earth once a day. 

Thus it is only necessary to fix our attention on a particular 
star, watch it as it passes by and wait until it comes around again. 
Then a pay has elapsed. If we note the time of its first passage on 
our clock and that of its second, and our clock shows exactly the 
same time (or rather, exactly 24-hours difference), the clock is cor- 
rectly adjusted and performing perfectly. 

Of course, to see the star it has to be viewed at night (which is 
a bit of a nuisance) so a happy thought occurs to us—why not use 
the sun? So far as we can see, it behaves quite in the same way 
as the stars, circling round the earth once a day. It seems worth 
trying, but as soon as we put the idea into practice we find that the 
clock which had been running perfectly must have suffered a sun- 
stroke! It seems to be gaining, at first slowly, then more rapidly, 
then slowly, never able to settle down to a steady rate, but always 
gaining. If we have enough patience to continue the experiment 
for a year, we will find that our clock has managed to steal ahead 
a whole twenty-four hour day. No amount of tinkering with the 
clock seems to do any good. We do manage to cure it of gaining 
a whole day in a year, but it just will not keep step with the sun. 
We are almost forced to conclude that there is something wrong 
with the sun. Remembering what happened to Galileo when he 
imputed certain imperfections to that great luminary we do a little 
investigating before committing ourselves. We discover that it is 
not the sun which is at fault, but the earth. Not only does the 
earth rotate on its axis daily but it also revolves round the sun 
once a year. This would not be so bad if it didn’t insist on going 
a little slower sometimes than others. The small boy’s idea that 
the days drag at Christmas is literally true! Gravitation seems 
to be to blame for this phenomenon and it has all been explained 
very nicely by Sir Isaac Newton—you probably won’t mind if I 
skip the explanation. This irregularity of the earth’s motion 
about the sun only partly accounts for the vagaries of our clock. 
To keep the record straight we should mention the ‘‘obliquity of 
the ecliptic’’ and the ‘‘precession of the equinoxes’’ but these are 
things reserved for the consideration of those who have reached a 
higher standing in the lodge. 

But how do we explain the fact that the clock got ahead of the 
sun a whole day? With your kind assistance we will put on a little 
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demonstration. The gentleman in the center of the room, Mr. 
Jones, will you please stand up? Thank you. Now, that gentle- 
man in the back row, Mr. Brown, will you stand please? Mr. Jones 
face Mr. Brown. Now Mr. Brown will you make a little journey 
around the outside of the room? That is right, go round toward 
the east, and please rotate on your axis! To the east of course. 
Quite good. You see you are the earth. Mr. Jones will count the 
number of times you face him,-I will count the number of times 
you face the front of the room. Hold on to the wall if you feel 
dizzy. Splendid, that completes the circuit, and I count 15. Mr. 
Jones? 14. Thank you. You see now that the earth has seen 
the sun (that’s Mr. Jones) 14 times, and the star (that’s me) 15 
times. That’s why a clock regulated by the stars counts off 366 
days while a sun clock counts only 365. 

Now we ARE in trouble, either use the constant stars and try to 
live 366 days in a year or use the erratic sun and get 365 days of 
all sorts of lengths! It seems a hopeless situation but our wily as- 
tronomer has fixed the whole thing in a most satisfactory way. He 
INVENTED a sun of his own. He christened it the MEAN suN, which 
is hardly fair since it is not a bit mean but very tractable and ac- 
commodating. Having evolved the creature the astronomer gave 
it the following instructions: ‘‘Begin on the mark with the real 
sun, and travel round the earth once a day, but pay no further 
attention to that eccentric object. You must watch the speedometer 
and keep to the same speed without varying a jot, and stick to 
the straight and narrow path, I mean the equator. But remember, 
this is not a race. You must arrive at the starting place one year 
later at exactly the same instant as the real sun. You will both 
have made 365% trips round the earth, but your trips will all have 
been of the same length. I will watch when you cross my meridian 
and that instant will be called MEAN Noon; the time it takes you to 
go around once will be a MEAN Day. For convenience I’ll make 
the day begin at midnight when I can’t see you at all.’’ 

What a lovely scheme! But what a lunatic the astronomer is! 
How can he watch a non-existent figment of his imagination? He 
even admits himself that if it did exist, it couldn’t possibly be seen 
at the most important instant when the day begins. Just another 
erazy idea! : 

But the astronomer’s imagination has been a little bit busier 
than we thought—he has it all figured out. A star-clock would 
count 366% days in a year, one day too much according to our 
ideas. In short, it runs fast one day a year, 86,400 seconds, or 
just about 3 minutes and 56 seconds a day. ‘‘So, the matter is 
quite simple,’’ he says, ‘‘I regulate my own clock by the stars and 
for ordinary people I keep another one adjusted to lose 3 minutes 
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56 seconds every day as compared to mine. They don’t know how I 
do it. I show them the clock which is wrong and tell them that is 
THE TIME.’’ So the astronomers the world over keep time, each 
for himself, by watching the stars, but fool the civilian population 
by pretending to do it by the sun. 

The astronomers seem to have very convincing ways and people 
have accepted them as the arbiters of time. It appears that all 
that is necessary is to select your astronomer and tell him to go to 
work. Not every one is fortunate enough to have such a profes- 
sional man at his disposal. Inquiring persons soon found out that 
there was no great trick to this time telling business and set up 
little time factories of their own. In time past the inhabitants of 
many a town have eagerly waited watch in hand for the sound of 
Grandfather William’s pistol to let them know that it was high 
noon. 

This way of telling time is essentially individual, every man for 
himself. While it worked pretty well in the horse and buggy days 
the advent of railroads, telegraphs and other means of rapid inter- 
communication soon disclosed serious inconveniences in this indi- 
vidualistic scheme. The railroads found it impossible to regulate 
their train schedules to suit a dozen or more different ideas as to 
time, so each railroad adopted a ‘‘standard’’ of its own. This re- 
sulted in some strange things. For instance, the clock outside the 
station in Paris was five minutes ahead of the one inside—and both 
were right. This would seem to have some compensation. The 
perturbed traveler rushing into the station fearing that his train 
had gone must have been gratified to find he had five minutes to 
spare. But generally patrons were confronted with the necessity 
of doing some tricky arithmetic to know just when to be at the 
station. Some railroad companies published information supposed 
to help the travelers—like this: ‘‘P. D. & Q. R.R. time in Podunk 
is six minutes ahead of Podunk local time and five minutes later 
than W. P. & X. R.R. time in that city. Podunk local time is 32 
minutes behind Zoomville time which is the standard time for the 
K. Y. D. U. R.R.’’ At all events, ‘‘daylight saving war time”’ 
could have no terrors for one brought up on that system. 

This quite intolerable situation was finally remedied by depriv- 
ing individuals of another inalienable right and establishing a single 
clock to keep time for all. This clock is the one at Greenwich, 
England. Americans were largely responsible for the selection of 
Greenwich. Apart from a seeming lack of patriotism in this choice, 
if one considers that when it is noon at Greenwich it is just 6:37 
A.M. here in Podunk, a condition due to the fact that the sun can’t 
be at both places at the same time. Nobody in Podunk is going to 
believe that it is 12 noon at 6:37 in the morning. So we compromise 
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by agreeing to call Podunk time 7 :00 a.m. and designate it ‘‘ Eastern 
Standard Time’’ except that now we call it 6:00 a.m: and say it is 
‘‘War Time.’’ We never make up our minds about anything. 

Having settled this rather ticklish question we turn the job of 
watching the hypothetical mean sun back to the astronomers and 
the matter of keeping us informed to the radio announcers. The 
astronomers have always believed in minding their own affairs and 
have retired into the limbo of anonymity. They are such modest 
people they never seem to resent the calm assurance with which the 
honey voiced announcer steals their thunder when he suavely in- 
forms us ‘‘3:00 p.m. Eastern War Time, courtesy of the Bull-all- 
over Watch Company.”’ 

Time is up did you say? I am sorry, my watch has stopped. 
Thank you! Good Afternoon! 

(And so you wake up, wondering whether it was the apple pie 
or that stick you put in the demitasse. ) 








WHAT MATHEMATICAL COLLEGE TRAINING 
INDUSTRY EXPECTS FROM YOUNG 
ENGINEERS * 


By A. R. STEVENSON, JR. 


Staff Assistant to Vice President, General Electrie Co. 


When Professor Dawes asked me to give this talk, I hesitated 
to accept because I had never taught mathematics in college, and 
it is always risky to try to give advice in a field where one has no 
experience. Professor Dawes explained, however, that the indus- 
tries are the customers who need the young engineers, and that the 
college professors would like industry to give its reaction to the 
qualifications of the men that they are obtaining from the colleges. 

Of course, we all know that industry has certain problems to 
solve. Perhaps they could be divided into two classes: (a) syn- 
thetic problems requiring ingenuity, and (b) analytical problems 
requiring methods of analysis which are largely mathematical. 

At first glance, one might say that the mathematical courses 
have nothing to do with the training of men for the synthetic, in- 
tuitive, inventive, creative type of engineering. There are, of 
course, a great many inventors who are not mathematical. On the 
other hand, it has always been said that mathematics develops the 
imagination, and of course imagination is necessary for invention. 

Perhaps if in mathematics courses a little more emphasis were 
placed on developing ingenuity, the sometimes expressed idea that 
mathematics deadens the creative faculties might be refuted. 

From the very beginning of mathematical training in the grade 
schools, the pupils should be encouraged to create their own mathe- 
matics. A child under the guidance of the teacher should dis- 
cover for himself that 2+ 2— 4 by grouping four pieces in two 
groups and by counting each group separately, the group as a 
whole, ete. Perhaps a good deal of arithmetic is too complicated 
to be understood by young children and so should be postponed 
until it can be done in a more understandable way by algebra. 

When I was in grade school, I remember an arithmetic problem 
which I could not understand. My father asked me what it was I 
was trying to find out. I told him. He said: ‘‘Let’s call that 
quantity ‘X’.’’ With this suggestion, it was clear as crystal to 

* Presented at the New England Section Meeting, Wentworth Institute, 
October 17, 1942. 
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me as to how to proceed. I turned in a solution but the teacher 
did not like it because I had used an algebraic rather than an arith- 
metical method. While I did not know that I had used algebra, 
this suggestion had led me to a complete comprehension and a 
straight forward solution. 

There is a story about the famous French scientist, Pascal, which 
goes as follows: 

‘*Pascal while still very young asked his father to tell him the 
object of geometry. His father, who did not want him to study 
too much and therefore did not want to arouse his curiosity, gave 
him a vague definition. He said: ‘Geometry is the art of construct- 
ing regular figures and finding their measure and learning the rela- 
tions of their parts.’ This was a sufficient basis for Pascal to de- 
velop, all alone, the thirty-one first theorems of Euclid.’’ 

Mathematics is a chain that is not much stronger than its weak- 
est link. If one really understands arithmetic, algebra is easy; 
if one really understands algebra, trigonometry is easy. Students 
should be warned against committing to memory trigonometric 
equations. If one really’ understands the subject, one can create 
many trigonometric equations by simply referring to the funda- 
mental diagrams inscribed in a circle. 

Someone may say: ‘‘I thought you were going to talk about 
mathematics in college, and here you are talking about mathematics 
in grade school and high school.’’ Here is my reason. When I 
was a senior in an engineering college, one of the professors found 
that the class was having difficulty with certain engineering prob- 
lems which made him doubt how much we knew about plane geom- 
etry and trigonometry. An examination was given and only five 
fellows passed plane geometry and only two passed trigonometry. 
Perhaps one can solve certain simple engineering problems with- 
out understanding these subjects, but one cannot develop his crea- 
tive faculties by the solutions of engineering problems unless he 
really understands these fundamental subjects. 

Descriptive geometry, if properly taught, should develop the 
visual imagination, and visual imagination is obviously of great 
help in inventing mechanical arrangements. The value of de- 
seriptive geometry depends, however, on how it is taught. I can 
recall a descriptive geometry examination where the problem was 
to develop the cross section which a plane made in cutting a hyper- 
bolic paraboloid at an angle; I got the right answer, but a mark 
of only 80 per cent. In explaining this the professor said: ‘‘ You 
did not use the method I lectured on.’’ In other words, his em- 
phasis was on remembering what he taught me rather than in 
developing my own method. A more thorough course in. descrip- 
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tive geometry including mechanical perspective and shadows would 
be beneficial in developing visual imagination. 

Most students would probably object to a statement that cal- 
culus is fed with a silver spoon. Nevertheless, students are not 
made to struggle, to create it for themselves. They are often given 
solutions and perhaps asked to prove them, where they should be 
led to discover the solutions for themselves. For instance, quite 
early in the study of calculus, they are told that a convenient base 
for logarithms is e = 2.7183 which, in spite of its odd character, is 
more convenient for certain mathematical purposes than the more 
ordinary base 10. Wouldn’t it be immensely better if the student 
could. be taught to discover for himself the convenience of this 
particular base, rather than to take the teacher’s or the text book’s 
word for it? 

A good many undergraduate college courses include differential 
and integral calculus, but do not include any differential equations. 
Calculus is not usable on any but the most simple engineering 
problems unless one knows differential equations. I think it is be- 
cause many engineers, not having learned differential equations, 
do not use caleulus and consequently forget the little they have 
learned. Differential equations can be taught very simply as a 
series of ingenious tricks which as far as possible the student should 
be encouraged to invent for himself. For engineering purposes, 
it is sufficient to acknowledge that if the differential equation rep- 
resents an engineering problem, there is a solution. The correct- 
ness of the solution should simply depend on whether it will fit the 
differential equation and the boundary conditions. 

In a few colleges, there are courses in the application of mathe- 
matics to problems. This seems like a very good idea. After all, 
from an engineering point of view, mathematics is a tool. Exam- 
ining this analogy further, it is obvious that one cannot learn much 
about tools without using them. If one has a problem to solve and 
then learns the mathematics with which to solve it, the mathematics 
will become a tool which can be usefully applied to other problems 
later. 

In studying differential equations in college, it is stated that 
the singular solution of the differential equation gives the envelope 
of a family of curves. In later life, I wanted the equation for the 
envelope of a family of curves and I remembered that the singular 
solution should give the equation of the envelope. In my old dif- 
ferential equation books, however, this mathematical method was 
not sufficiently illustrated by practical problems to make it par- 
ticularly applicable to the case in hand. In the end I obtained the 
desired equation by some much longer and laborious method which 
was really understood. 
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All through courses in mathematics, the emphasis should be 
placed on understanding the theory and being able -to. apply the 
theory to the solution of practical problems. 

My younger brother was very much interested in mathematics 
and did very well in high school and college until he took a course 
where one of the problems was somewhat as follows: ‘‘ Three horses, 
which were grazing in a field, ran straight for the barn when the 
farmer opened the door but they stopped en route when he closed 
it. Prove that the three lines determined by the positions of the 
horses at the start intersect the three corresponding lines deter- 
mined by their positions when they stopped in three points which 
lie in one straight line.’’ The statement of this problem is prob- 
ably mixed because I never studied that particular branch of 
mathematics and hope I’ll never have to. My brother was so dis- 
gusted that he went before the faculty to get permission to drop 
the course and changed to something more useful. 

The combination of engineering and the liberal arts in the same 
university is good. The engineers gain a great deal from associa- 
tion with their academic friends and, conversely, the academic stu- 
dents cannot become all-round cultured individuals without coming 
into some contact with the materialistic realities of the universe 
with which engineers deal. Wherever engineering and the liberal 
arts are combined in the same college, it is probably a good idea 
if the engineering and the academic students can mix in the same 
classes in physics, mathematics, English, ete. But if this is done, the 
mathematics professors must be broad-gauged men and not narrow- 
minded specialists who believe that the perfect idealism of mathe- 
maties wili be soiled if it is in any way degraded toward the utili- 
tarian level. 

Some years ago I was on an advisory committee to the Mathe- 
maties Department of the Rensselaer Polytechnic Institute. We 
spent the whole day discussing the problems of the Mathematics 
Department. President Hotchkiss had invited members of the 
Physics and Engineering Departments to attend the meeting 
which was also attended by members of the Board of Trustees and 
two or three outsiders like myself. The object was to secure co- 
operation between these departments so that the mathematics de- 
partment, instead of using impractical problems like the one about 
the horses, would illustrate their mathematical theories with appli- 
cations to physical and engineering problems. On the other hand, 
the physics and engineering professors would make full use of 
mathematical tools in solving their scientific problems. The gen- 
eral feeling of comradeship and coérdination between these three 
departments was very delightful. Meetings of this kind would be 
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profitable in other colleges in securing codperation between these 
three related departments. 

Of course, the whole of education should be integrated. The 
proper use of the English language should not be limited to courses 
in English. The mathematics, physics, and engineering professors 
should insist on proper presentation both written and oral in their 
classes. 

The college course is already so full that, according to President 
Doherty of Carnegie Institute of Technology, the students do not 
have time to understand more than half of what they learn. The 
other half they take on the authority of the teachers or the text 
book without ever really understanding it. This is a pernicious 
habit which should be avoided. It would be better to learn half 
as much and really understand it. 

Everyone is beginning to believe that engineers should be given 
a broad education including plenty of English, economies, and the 
social sciences. If these liberal subjects are to be included in the 
engineering course, something must be left out. Courses must be 
cut to the bare fundamentals, thus leaving time so that these fun- 
damentals can really be understood. Handbook methods of design 
should be omitted from the college course because they prevent a 
proper attention to fundamentals. 

Recently, some juniors spending the summer working for our 
Company were given an examination which many of them flunked. 
They could have passed it if they had only applied the fundamental 
law that Force == Mass < Acceleration. When the failure to apply 
this law was pointed out to them, some of the boys took the indig- 
nant attitude that they had learned that formula in their freshman 
year and could not be expected to remember it now that they were 
dignified juniors. Their fundamental knowledge was overlaid 
with too much else. 

It will be necessary to omit from the undergraduate engineer- 
ing course specialized subjects such as Heaviside’s method of solv- 
ing differential equations, vector analysis, tensor analysis, special 
courses in circuit analysis, ete., all of which are valuable but should 
be postponed to post-graduate years either in college or in industry 
for those with special aptitudes along these lines. 

The colleges should teach the fundamentals, and it is the re- 
sponsibility of industry to put the recent graduates through an 
apprentice type of education which will furnish the proper transi- 
tion. To quote from a former paper: 


‘‘The age old idea of apprenticeship must be revivified in order 
to form a better connection between what is learned in school and 
its application to real life. 
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‘‘Industry should not attempt to compete with the colleges in 
teaching the educational fundamentals. Any attempt to do this 
would be likely to lead to inbreeding within each industry, result- 
ing from localized recruiting and narrow specialization. But 
while giving the young men their first taste of experience, industry 
ean furnish the educational connecting links which are necessary 
for the wide application of education to the solution of practical 
problems.’’ 


It would be perfectly logical for any professor to comment that 
there are not many Pascals in the world and therefore the system 
of developing ingenuity by making the students work out their 
own mathematical theories is not practical. Certainly, it is not 
practical in an educational system which is designed for the aver- 
age and backward students with very little thought given to allow- 
ing a few exceptional individuals to develop their individual talent. 

Of course, we want to educate the average man in this demo- 
cratic country, but we should also give considerable thought to in- 
cluding in our educational system avenues by which young men 
with exceptional possibilities can be trained to be exceptional men. 

A look at history will indicate that in every field of human en- 
deavor the world has been greatly benefited by a few such individ- 
uals. When we think of the hundreds of millions of people in the 
world, the percentage of inventors, scientists, and leaders is ex- 
tremely small; yet this small handful of people have given jobs to 
multitudes and have raised the standard of living for almost every- 
one. 

Wickenden, in a recent article, stated : 


‘*Every engineer knows that permanent gains in wealth and 
leisure are the by-products of rising efficiency and cannot be cre- 
ated by government subsidy; that the way to cure unemployment 
is to create more jobs through research, thrift, and enterprise, by 
development of new products, by creating new industries, and by 
translating technical advances into reduced prices and wider mark- 
ets. One quarter of all our employment today is said to be in in- 
dustries which did not exist before 1880.’’ 


If we are going to go on in the postwar era creating employment 
and raising the standard of living, we must learn how to develop 
these exceptional individuals to the fullest extent. — 








EDUCATIONAL REQUIREMENTS FOR AIRLINE 
TRANSPORTATION ENGINEERING 


By GEORGE H. TWENEY 


University of Detroit 


Airline transportation engineering is a branch of the Aero- 
nautical Engineering profession which has come into prominence 
only within the past few years. Prior to 1935, any work done 
around an airline even remotely savoring of engineering technicali- 
ties was purely coincidental, but today, some of the larger airlines 
are maintaining engineering staffs composed of as many as one 
hundred technical men. This, of course, is a small staff compared 
to the commercial manufacturing corporations with their engineer- 
ing departments numbering as high as 1200 engineering men. 

However, for an airline even to have a separate engineering de- 
partment is a relatively recent development. It was not until the 
spring of 1935, when Pan American Airways hired a few engi- 
neering graduates, that technically trained men were given positions 
in which they could utilize their technical ability around an airline. 
Any engineers who were employed by airlines prior to that date 
were either hired in a purely clerical capacity, or perhaps because 
they held pilots’ licenses, and could fill some of the flying positions. 

An airline transportation engineer, so called, is a rather hybrid 
sort of individual; he must be an engineering ‘‘ jack of all trades,’’ 
and strangely enough, master of them all at the same time. There 
is, as yet, no university in the country which offers a full time 
engineering curriculum leading to a degree in Airline Transporta- 
tion, although there are numerous institutions which offer alternate 
courses, and separate subjects covering various phases of airline 
operation. 

A young Aeronautical graduate who decides to go into airline 
engineering will find that his knowledge of theoretical aerodynam- 
ics, wind tunnel procedures, and like subjects of a highly theo- 
retical nature will not stand him in very good stead, and that from 
the day he first starts to work, he really has to start to learn. If 
he is assigned to the maintenance engineering group, and the In- 
strument shop presents him with a stubborn automatic pilot which 
refuses to be calibrated, he must solve the difficulty almost immedi- 
ately. It has been the author’s experience too, that they will not 
bring up these knotty problems until the night before the par- 
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ticular airplane is posted for schedule. This then means a lot of 
burning of the midnight oil, for the young engineer to learn some- 
thing about an automatic pilot. Search as he might, he cannot 
seem to find anything in his class notes which even remotely re- 
sembles the hydraulic diagram of a modern automatic pilot, and 
he is left to his own resources with a collection of hard-to-under- 
stand service manuals and manufacturers’ booklets. 

But this is only one specific instance of the type of problem 
which an airline engineer might be called upon to solve. 

Strictly speaking, the design aspects of airline engineering are 
rather limited, the greater portion of their work being of a mainte- 
nance and operating nature. 

However, an engineer may be called on to do a piece of struc- 
tural analysis, or develop some performance and range curves for 
a particular airplane over a particular route. Hence, he must keep 
his technical knowledge at hand continuously, and at the same time 
making himself familiar with the myriad mechanical problems 
which are always presenting themselves. 

This type of airline engineering has to do principally with 
maintenance procedures. There are, however, other departments 
of an airline which require the services of a technically trained 
man. The Operations Departments of most large airlines maintain 
a man called an Operations Engineer. His job is to handle all 
problems of an operating character, including pilot and flight per- 
sonnel training, to hold classroom sessions in various technical sub- 
jects with which all flight men should have a conversant knowledge, 
and to develop various types of new operating equipment. An 
Operations Engineer is almost invariably an aeronautical gradu- 
ate, whose experience has been tempered with several years service 
doing maintenance and general engineering. 

The advent of the large airplane of the Clipper and Strato- 
clipper types, is bringing into the foreground another type of air- 
line engineer who is called a Flight Engineer. These airplanes are 
assuming such proportions that it requires the services of a tech- 
nically trained man to handle all the engine and power instruments, 
thus leaving the pilots free to concentrate on the actual flying and 
navigation. The ultimate in this type of engineering is exempli- 
fied in such airplanes as the Boeing B-314 Clipper ships. Of course, 
this man does a large amount of flying, and his job is more of a 
mechanical nature than it is technical. He must be entirely fa- 
milar with the engines and all accessories of the airplane, so that 
he can perform dependable trouble-shooting, and then do the neces- 
sary repairs on hand. Then too, it is his responsibility to follow 
fuel and oil consumption, and on his shoulders rests the responsi- 
bility for deciding whether or not an airplane shall continue on or 
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turn back on a particular trip when fuel consumption may be run- 
ning ahead of schedule. 

There are other types of specialist engineers which various air- 
lines employ. For example, the Aerodynamics Engineer occupies 
a fairly important place in the scheme of airline operation. It is 
his job to prepare all performance and range charts for the various 
runs over which the airline operates. If the engines or propellers 
should be changed on some of the transport models, he must pre- 
pare new performance charts showing the changes in airplane per- 
formance or specific fuel consumption. Then too, a very important 
phase of his duties is taking care of all engineering test flights. 
In this connection he must work in close codperation with the in- 
spection department. If certain changes, such as instrument 
changes, are made on an airplane during a regular maintenance 
procedure, it may become necessary for the engineering department 
to order a test flight before it can pass the changes, and certify the 
airplane is ready for schedule flights. In this way, the Aerody- 
namics engineer may do a large amount of interesting and variable 
test-flying. 

In addition, the Radio and Meteorology, and the Inspection 
Departments may hire men with an engineering background. In 
most cases these positions are more or less specialized in nature, and 
will require men who have been trained in some one of the more 
general phases of airline transportation engineering. 

At the University of Detroit, the Aeronautics Department does 
not attempt to give a specialized course in Airline Transportation 
Engineering. In the Senior year of the regular Aeronautical 
Engineering course, we give the student a choice between a Tech- 
nical or an Industrial Option. In either election, the student will 
take a one-semester course in the subject Airports and Airways. 
However, if the student plans on entering some phase of airline 
operations, we recommend that he elect the Industrial Option, where 
in addition to the Airways course, he will receive additional train- 
ing in such subjects as Engineering Law, Business Administration, 
and Personnel Management. In this way, the student will be bet- 
ter equipped to take such generalized engineering positions as the 
Airlines offer, where he will not be required to do such rigorous 
technical work as he would in a purely engineering position involv- 
ing research or design. 

The course in Airports and Airways is a short introduction to 
the economies of airline operation, and the organizational charac- 
teristics of a modern airline. In the opening phases of the course, 
we give the mathematical development of the equations for cal- 
culating the speed-made-good for various types of transports over 
various lengths of runs, and flying at various altitudes. There are 
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two equations involved, one for the calculation of scheduled speed 
made good at low altitudes, and the other for the scheduled speed 
made good at high altitudes. 

The derivation of these two equations involves a fairly large 
amount of time, since a thorough study of effects of flight at vari- 
ous altitudes, effects of maximum cruising speed of an airplane on 
scheduled speed, and effects of factors affecting speed made good 
such as ground manoeuvering time, etc., is made during the de- 
velopment of the equations. 

Then follows an analysis of the organization of a modern air- 
line along both the functional and straight-line systems of organi- 
zation. The set-up for a typical domestic airline, and a typical 
international airline are studied in detail. 

The course is concluded by a thorough analysis of the economic 
features of a modern airline. The calculation of Direct Operating 
Charges and Fixed Charges for a typieal airline are worked out in 
class in great detail, and the student follows along with a similar 
home problem in complete detail which becomes due at the end of 
the course. Charts showing the growth of airline operations 
through the past years are drawn, analyzing the increases in pas- 
senger miles flown, pounds of mail carried, and pounds of express 
carried. 

This year, the author inaugurated a particular type of problem 
for this class, which, although only assigned once to date, seems to 
have fulfilled expectations even more than was originally hoped. 
At the midpoint of the course, the student is assigned the problem 
of laying out and establishing an airline over a given route, which 
this year was from Dayton Ohio, to Nome Alaska. The only stipu- 
lated conditions are that the route must be covered as efficiently as 
possible, in the least time as possible, with a maximum amount of 
allowable payload to be carried. 

The student is required to select a suitable airplane for the 
route he wishes to fly, compute all the speeds made good for the 
various legs of the route as he lays it out, compute fuel consump- 
tions, payloads, flight times and altitudes, and lay out a route map 
for the entire distance showing mileages, etc. 

Some remarkably fine reports were turned in on this assignment. 
Most of the students showed that they had acquired the faculty 
of being able to efficiently analyse many of the operating problems 
connected with a modern airline, and speaking from past airline 
experience, the author knows that several of these reports were 
so complete in every detail, even including meteorological considera- 
tions, that they could be taken as the initial step in the actual es- 
tablishment of such an airline. 

The author feels that the solution of this problem in as much 
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detail as done by the majority of the students, thoroughly demon- 
strated more of the actual problems involved in airline transporta- 
tion engineering than could have been discussed in class in the 
period of a whole month. 

It will be noticed that no attempt is made to teach the embryo 
airline engineer anything about the thousands of maintenance 
problems which he will undoubtedly run across. These can only 
be learned through experience. If, when associating himself with 
an airline, the young graduate would request a six months training 
period in the airline’s maintenance shops, this would be the very 
best type of training that he could possibly get. As a matter of 
fact, several of the larger airlines are actually making this a require- 
ment of their new engineers, but the majority are still putting the 
man on the job as soon as possible. 

If the young graduate possesses the time and the necessary 
wherewithal, he could very profitably spend a year in one of the 
better trade schools such as the Boeing School of Aeronautics, and 
take their course in Airline Maintenance and Operations. At the 
conclusion of this type of a course, and backed by his engineering 
training, he would possess the necessary qualifications for becom- 
ing an A-1 Airline Transportation Engineer. From that point on, 
it would be entirely up to him, as to the amount of progress he 
could actually make. 

The tendency for a young engineer to choose Airline Transpor- 
tation Engineering as a career will undoubtedly decrease during 
the next few years, or at least as long as world conditions exist as 
they are at the present time. The unprecedented demand for 
aeronautical engineers in the manufacturing and National Defense 
programs has created a scarcity of young men with the required 
training, and hence there are practically none available for the 
airlines. The military manufacturers are able to offer so much 
more attractive proposals than the airlines, that this, too is tending 
to draw ail available men into the industry. 

However, with the cessation of preparedness programs, the 
world will witness such an expansion of travel by air as it has never 
experienced in all its history. Such things as the carrying of all 
first class mail by air, the inauguration of high-speed express 
routes, and the tremendous expansion in feeder-line transport will 
give us air networks in this country not even equalled by the 
mushroom growth of the railroads in their heydey. Then will 
come the real opportunities for the Airline Transportation Engi- 
neer. There will be unlimited opportunities in both domestic and 
international air transport, and with the facilities and trained 
man-power we already have at our disposal, the United States will 
lead the world in quality and volume of Air Transport. 








FOREIGN LANGUAGES IN A SCHOOL OF 
ENGINEERING 


By D. P. KRYNINE 


Research Associate in Soil Mechanics, Yale University 


The object of this article is twofold: (a) to give a brief outline 
of the work done at the present time in the province of teaching 
foreign languages to engineering students, and (b) to advance some 
views as to how this work should be done, if at all, during the war 
and in the post-war period. These views are the writer’s and are 
submitted for possible criticism and discussion. 

The undergraduate curriculum for engineering students does 
not always contain foreign languages. Graduate students who are 
candidates for the doctor’s degree generally have to pass an ex- 
amination in both German and French, one year before the pres- 
entation of the dissertation. Graduate students working for the 
master’s degree are generally excused from foreign languages. 

Graduate students who take the examination in foreign lan- 
guages are supposed to acquire the knowledge of those languages 
by themselves. In some universities the German and French de- 
partments organize foreign language courses for engineering stu- 
dents. Sometimes students take private lessons mostly from 
teachers having no engineering preparation and unfamiliar with 
engineering terms and interests. In some instances women teachers 
are preferred on the theory that women are more talkative than men, 
and during a short lesson many subjects may be touched. Others 
prefer men teachers, since in their eventual engineering and scienti- 
fic contacts they will deal mostly with men, and they want to hear 
how men speak a given language. In the belief of the writer, 
there is.a kernel of sense in the latter opinion, since, after all, men 
and women do not speak exactly in the same way. 

As to the requirements of the examination itself, they are also 
different. The examination may be oral, or written, or both. Gen- 
erally, the student is given a foreign book or article and is required 
to read it in English without having to read it aloud in the original 
tongue. In other words, the examiner does not care what kind of 
accent the student has in the given language. Besides technical 
matters, the student is sometimes required to translate novels, short 
stories, or similar material. The use of a dictionary is sometimes 
permitted, sometimes—and this is in rare occasions—the dictionary 
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is taboo. Personally, the writer does not see why a reasonable use 
of the dictionary should signify an unsatisfactory knowledge of a 
language. Do persons who possess excellent command of English 
never consult Webster? Technical and scientific material of mathe- 
matical character, such as the theory of elasticity or fluid mechanics 
should be read, of course, without dictionary. 

The writer has observed some cases when, two or three years 
after passing his or her examination in foreign languages, the 
student (now Ph.D.) had but a very remote idea of these languages 
These observations were outside of a school of engineering; but 
of course, the same situation may occur with engineering students 
too. 


GENERAL STATEMENTS 


Practice of examinations and teaching in foreign languages for 
graduate students in the Department of Civil Engineering at Yale 
is described hereafter. It should be understood that the work de- 
scribed represents the writer’s own experiment rather than a defi- 
nite policy of the Department. The writer formulated for himself 
the following statements : 


Statement 1 


For making a good translation from a foreign language, for in- 
stance from German into English, three things are necessary, and 
in the following order of importance: (a) A thorough knowledge of 
a given speciality, and particularly a good understanding of the 
subject-matter of the given article; (b) perfect command of written 
English ; (c) satisfactory knowledge of German. Thus an educated 
German girl speaking good English cannot translate an article in 
organic chemistry, if she never studied this science. Again, an 
American engineer, of a given speciality knowing some German, 
possibly will prepare a better translation from German into English 
than a German engineer, of the same speciality, knowing some 
English. 

It follows from this statement that good formal knowledge of a 
foreign language is not very necessary for an engineer if he does 
not intend to go abroad for a long period of time. He does not 
need to know well all the exceptions in the grammar; but, if he sees 
a new issue of a foreign technical periodical, he must be at home 
there and must be able to understand what the authors are talking 
about and to choose an interesting article, if any, for himself. He 
must be able to translate that interesting article of his using a 
dictionary. That is all he needs. This statement may sound like 
heresy to the faculty members of German and French departments ; 
the writer, however, believes that it is correct. 
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Statement 2 


In teaching a foreign language, emphasis should be laid on the 
study of ideas, and not on the study of words. The acquisition of 
a certain vocabulary is, of course, an unavoidable evil. It should 
not be forgotten, however, that the time used in memorizing words 
is an unpleasant duty for a grown-up person and is generally con- 
sidered as time lost. Furthermore, as stated above, words evaporate 
very easily from the mind; whereas, this is not so general in the 
ease of ideas. Since we are dealing with engineering students 
these ideas should be of technical character. The writer believes 
that the student’s work must lead him to the answers to the fol- 
lowing questions : 

(a) Is civil engineering more (or less) advanced in that country 
than in America: in what branches: what is worthwhile to 
study in that country? 

(b) Do engineers in that country know what is being done in 
America? Do they follow the American technicai literature? 

(c) What do engineers of that country think about American work 
in civil engineering? What have we to think about them? 

(d@) Who are the outstanding civil engineers in that country? 
What did they do? 

(e) What is the past of civil engineering in that country? (Some 
engineering history.) 


Statement 3 


In teaching foreign languages for engineers, emphasis should be 
laid on the reading of the current periodical literature and not on 
the reading of books. Possibly the material, which may be found 
in outstanding foreign technical books, is already included in the 
corresponding graduate courses given in the school. This is not 
true of the latest issues of periodicals. Furthermore, to read a 
book requires much time which may be usefully spent in getting 
familiar with several periodicals. Finally, periodicals reflect the 
actual cross section of the technical life in a given country whereas 
the best book generally deals with one side of it only. 


ORGANIZATION OF THE WORK 


After some trials, the following procedure has been developed 
at Yale. To start the work in the Department of Civil Engineer- 
ing some little knowledge of the language is required as a prerequi- 
site, since it is obvious that the Department cannot teach such 
things as reading or elementary grammar. But nobody is per-- 
mitted to take an examination in foreign languages if he is not 
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familiar with the periodical technical literature in the given 
language and with the technical life of the corresponding country. 
The Department takes care of this work. 

As soon as the instructor determines the degree of knowledge 
of a new student in the given language, he gives him a written as- 
signment based on the student’s preparation. Generally, the first 
assignment is concerned with the cover of a periodical, its title, 
where and by whom it is published, its table of contents, titles of 
some articles. The student is advised to have a wordbook, to write 
down all the new words and to learn them. The next time he 
comes to see the instructor, the latter checks his work, and hands 
him assignment No. 2, in which some translation of an article 
(mostly of a part of an article) is required. The assignments be- 
come more and more complicated until the student is able to pre- 
pare a written characterization of the given periodical (in English). 
He is then required to find the American counterpart of that 
periodical and to compare them. 

Obviously, reading and translation of technical articles arouse 
interest and provoke discussion along the lines already mentioned. 
It is desirable therefore, that in a school of engineering instructors 
in foreign languages be engineers. 

The work may take from two months to one year, depending 
on the degree of preparedness of the student. Lately the writer 
had a student who already possessed good knowledge of both Ger- 
man and French when he came. He worked hard, however, during 
two summer months and passed through twelve solid assignments. 
As an example his examination questions in German are given be- 
low: 


Examination Questions in German 
Do not use dictionary or any other book of yours 


1. Translate the section entitled ‘‘Belastungsannahmen’’ of the 
article ‘‘Umbau der St. Ericksbriicke in Stockholm,’’ Beton und 
Eisen, vol. 14, July 20, 1938, page 234. 

. Open the booklet ‘‘Fiihrer durch die technische Mechanik’’ on 
page 20. Give the English equivalents of all titles printed in 
heavy types. 

3. Write in English a brief outline (about 15 lines) of the book 
review ‘‘Versuche iiber die Eigenschaft des Hélzer nach der 
Trocknung,’’ Beton wnd Eisen, vol. 14, July 20, 1938, page 11, 
Textbeilage. 

4. Write a comparative characterization of the German periodical 
‘‘Die Bautechnik’’ and of the French périodical ‘‘Travaux.’’ 

5. Who was Miiller-Breslau? Culmann? 
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6. You are given two copies of the journal Wasserkraft wnd Was- 
serwirtschaft. This is a new journal to you. 
Find out: 
(a) The name of the editor; 
(b) Where the journal is published ; 
(c) Define the lines of interest and write a brief characterization 
of this journal; 
(d) Is this journal interesting for an American structural engi- 
neer? Why? 
As a rule, during the course (if this informal instruction may 
be termed so), the student becomes acquainted with the following 
periodicals : 


(a) German: 

Zeitschrift fiir angewandte Mathematik und Mechanik 

Zeitschrift fiir Mechanik 

Die Bautechnik 

Der Bauingenieur 

Beton und Eisen 

Verkehrstechnik 

Zeitschrift des Vereins der deutschen Ingenieure (V.D.I.) 
(b) French: 

Annales des ponts et chaussées 

Le Génie Civil 

Travaux 


The student completes his work by becoming familiar with the 
proceedings of the international congresses (Road Congresses ; Con- 
gresses of Large Dams; Congresses of Applied Mechanics; Con- 
gresses of Structural Engineering). Both foreign and English 
versions of the corresponding proceedings are used. 


Work DuriInG THE WAR AND IN THE Post-War PERIOD 


The term ‘‘engineer’’ will be used hereafter to designate the 
American engineer of any speciality. We are at war now with 
Germany and are perhaps on the eve of the second front in Ger- 
many itself. In this occasion our present juniors and seniors who 
possibly will be army or navy officers at that time will have neces- 
sarily to do with German engineers and German populations. The 
lessons of history should not be forgotten. One of the first things 
the Germans had to do after occupying Holland was to put Dutch 
civil engineers to work for them notwithstanding the superabun- 
dance of their own technical forces. If a similar situation occurs 
sometime to the American army in Germany, a little of the German 
language and some understanding of the German mind will not 
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harm. Of course, a vast program of study as deseribed above is 
out of the question at the present time. 

It is risky business to prophesy what may happen after the war, 
but as the writer sees the situation, American engineers with 
knowledge of foreign languages will be needed in great numbers 
for restoration work both in Europe and in Asia. As foreign 
industry is restored, it will necessarily compete again with the 
American, and products ‘‘made in Japan’’ and ‘‘made in Ger- 
many’’ will reappear on the market. To be successful in the eco- 
nomic struggle one must understand well both his friends and his 
enemies, and this is impossible without knowing how they talk 
and what they think. Again, it is quite possible that after the 
war, the study of other languages, for instance of Russian or of 
Spanish, may become necessary. 

It may be argued that as the time passes the English language 
occupies more and more field and may become international like 
Latin in ancient times. This is perfectly true; but it is also to be 
remembered that the Romans studied foreign languages, and bor- 
rowed some worthwhile technical ideas from abroad. For ex- 
ample, Vitruvius’ books on Architecture contain a goodly number 
of Greek examples. 
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RELATING WRITING TO THE ENGINEERING 
CURRICULUM 


By C. A. BROWN, 
Chairman, English and Coérdination Department, General Motors Institute 
AND 
J. P. RIEBEL, 


Instructor in English 


In the chapter entitled ‘‘Conclusions and Recommendations”’ 
which Dean H. P. Hammond wrote as a part of the report on Jn- 
struction in English in Engineering Colleges, he says, ‘‘For good 
results in English, it cannot be said too often that the active sup- 
port and codperation of the engineering staff are indispensable.’’ 
With this we all agree, but, it being a truism that codperation works 
both ways, unless we go out of our way to render service to the 
engineering faculty, we can hardly expect the reciprocal treat- 
ment. This note describes an effort on the part of some teachers 
of English to engineering students to render such service. 

At the General Motors Institute, we went to all of the depart- 
ments of instruction and asked for topics that had been covered in 
the first two months and upon which students could be expected to 
write papers from one paragraph to two or three pages in length. 
Members of the various departments were very enthusiastic. The 
Science Department, for example, said that their freshmen at the 
end of two months could be expected to write on such topics as 
Plastic and Elastic Deformation, the Steel Code, Tensile Strength, 
Malleability, Alloys, the Tensile Test Piece, or the Metric System. 
The Mathematics Department offers as possibilities assignments 
such as Computing the Quotient by Logarithms, Finding the Side 
of a Right Triangle from a Known Side and a Known Angle, Com- 
puting a Product by Logarithms, or Interpolation for Seconds— 
Natural Function. 

In Foundry Practice students should be able to write on such 
topics as the Fundamentals of Iron Ore Production, the Blast 
Furnace, the Construction and Operation of the Cupola, Different 
Types of Patterns, Types of Molding Machines, Production 
Foundry Technique vs. Jobbing Foundry Technique, or the Use 
and Manufacture of Cores. 
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Mechanical Drawing students might be expected to write on 
such topies as the Use of Drawing Instruments, the Arrangement 
of Views, Orthographic Projections, or Fillets and Rounds. 

Machine Shop topics abound. A few are Speeds and Feeds in 
Cutting Steel, Uses of Height Gages, the Uses of Surface Gages, 
Types of Files, Safety Precautions in Bench Work, the Develop- 
ment of a True Flat Surface, and Layout Tools. 

The English Department is not omitted from our list. Since 
we cover the writing of technical reports during the first month, 
we can and do expect our students to write about the physical 
make-up of a technical report. Other topics include Agreement, 
Reference, and Making a Tentative Outline. 

The advantages are, of course, obvious. Here is a fund of class 
theme topics for the teacher who has difficulty in finding subjects 
upon which students can easily write. Some of the topics lend 
themselves readily to practice in paragraph development. 

Still other uses may be made of such a list. For example, 
following a discussion of classification and organization, we asked 
our students to prepare an outline for a paper on ‘‘ Types of Files.”’ 
The accurate use of words can be emphasized, since the slovenly 
use of words is unthinkable in the field of work in which a young 
man expects to make his career. When an embryo engineer wrote, 
‘‘A meter is a yard that is 39.37 inches long,’’ we were able to 
help him. 

One more word may be said concerning the use of technical 
subject matter in the English courses. At the meeting of the 
Teachers of English in Technical Schools held in Ann Arbor in 
1941, we devoted one session to technical writing. At that meet- 
ing the suggestion was made that the English teachers need not 
hesitate in having students write on technical subjects simply be- 
cause they were afraid they might not comprehend the subject 
matter. Mr. Thomas O. Richards, Head of Laboratory Control 
Department of the Research Laboratories Division of General 
Motors, agreed, and, in fact, went on to say that except for ‘‘fruit 
canning’’ (highly technical information for the internal use of 
an organization) any paper on a scientific topic should be under- 
standable to any person as well educated as the average English 
teacher. If we welcome more papers on subjects of interest to 
our engineering students, we will perhaps be rendering a real 
service. 

The more one thinks about the idea, the more possibilities 
appear. All that is required is a spirit of codperation and a trip 
around the campus with pencil and note book. Succeeding trips 
will serve to keep the list up to date, and incidentally help the 
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rest of the faculty to get better acquainted with the members of 
the English Department. 


Topics SUITABLE FOR STUDENT WRITING IN ENGLISH 
Second School Month 


Mechanical Drawing : 
The Various Drawing Instruments 
The Use of Drawing Instruments 
The Arrangement of Views: Orthographic Projections 
Fillets and Rounds 


Machine Shop: 
What Is a Toolmaker? 
The Toolmaker’s Trade 
Standard Machine Tools 
The Qualifications of a Good Mechanic 
Speeds and Feeds in Cutting Steel 
The Uses of Hand Scraping 
The Uses of Height Gages 
The Uses of Surface Gages 
The Types of Files 
The Purpose of a Layout 
Layout Tools 
Chisels Used in Shop Work 
Safety Precautions in Bench Work 
Various Heat Treat Operations 
The Purpose of Quenching 
The Purpose of Annealing 
The Development of a Flat True Surface 


Mathematics : 
Logarithms 
Finding the Side of a Right Triangle from a Known Side and 
a Known Angle 
Finding an Acute Angle of a Right Triangle When Two Sides 
Are Given 
Computing a Quotient by Logarithms 
Computing a Root by Logarithms 
Computing a Product by Logarithms 
Interpolation for Seconds: Natural Functions 
Interpolation for Seconds: Logarithmic Functions 


Science: 
Plastic Deformation 
Elastic Deformation 
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Alloys 

The Steel Code 

Density vs. Specific Gravity 
Tensile Strength 

Hardness 

Toughness 

Malleability 

Ductility 

The Tensile Test Piece 

The Metric System 


Foundry Practice: 
Explain the Fundamentals of Sand Casting 
(a) Materials used 
(b) Making the Sand Mold 
(ec) Pouring the Castings 
(d) Cleaning the Casting 
The Fundamentals of Iron Ore Reduction 
The Blast Furnace 
The Construction and Operation of a Cupola 
Production Foundry Technique vs. Jobbing Foundry Technique 
The Parts of the Mold 
Different Types of Patterns 
The Use and Manufacture of Cores 
Hand Tools Used by a Molder 
Two Types of Molding Machines 
How to Make a Pattern 


English : 
The Coérdination Report 
Agreement 
Reference 
The Importance of a Technical Education in Wartime 
Selecting a Subject 
The Tentative Outline 











ENGINEERING JOB AND TRAINING OPPORTUNITIES 
IN THE AIRCRAFT INDUSTRY * 


By C. T. REID 
Douglas Aireraft Company, Ine. 


I. DEPARTMENTS AND CLASSIFICATIONS OF WORK 


Since the present engineering training in the aircraft industry 
embraces practically all phases of the engineering work, it is desir- 
able first to make sure of just what the subdivisions of engineering 
work are before reviewing the courses. The engineering done to 
produce an airplane is not any one man’s duty, nor is it a fixed or 
simple process. Rather it is the combined effort of a team of spe- 
cialists who ‘‘exchange signals’’ and ‘‘make plays’’ as required 
by the particular situation, always in joint effort. Best known 
among these specialists may be the very few whose duties include 
the largest share of aeronautical glamour, such as the aerodynami- 
cist and stress analyst. Because these are often best known, it is 
a common error to believe that aerodynamics and stress analysis 
make up the bulk of aeronautical engineering work. The less 
known men who constitute the great majority in our Engineering 
departments are the specialists in a dozen separate types of de- 
sign. These types are largely branches of mechanical engineering. 
Often the work is so nearly purely mechanical engineering that 
the product of the factory might well be any other piece of intri- 
cate machinery than an airplane. These engineers populate the 
large groups that lay out the working parts of the airplane, de- 
velop ares of movement, clearances, types of linkage and connec- 
tions and determine strength to withstand design loads and vi- 
bration. They build mock-ups, make calculations and produce 
the working drawings. They are designers of control mechanisms, 
hydraulic systems, power plant installations, air conditioning equip- 
ment, electrical installations, interior furnishings, as well as of the 
skeleton work of the airplane itself. 

From among the ranks of these design engineers come perhaps 
99% of men promoted to such major engineering responsibilities 
as group leader, project engineer and chief engineer. 

Aiding the main production groups are various auxiliaries. 
Prominent among them is the shop liaison group. Its duties are to 

* Presented at the Texas Personnel Conference, University of Texas, Oc- 
tober 29, 1942. 
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follow up design in the production departments of the plant. In 
close collaboration with the inspection department, the liaison engi- 
neers do trouble shooting, codrdinating with production planning 
and with tooling, and operate an engineering salvage service. 

Another important auxiliary group produces production break- 
down illustrations. These illustrations are drawings made by peo- 
ple jointly trained in engineering drawing, art drawing and pro- 
duction methods. They enable us to place into the hands of our 
many new green shop workers blueprints that are pictorial, with 
3 dimensional views, readily read and understood without the 
usual study of orthographic projection. 

All these types of work require training. They also require 
good organization and direction, therefore, leadership training, in 
addition to the studies of individual engineering specialty fune- 
tions, must receive proper attention. 


II. APPROACHES TO THE VARIOUS TRAINING PROBLEMS 


Before the war we generally hired only the men who seemed to 
measure up to our stiffest specifications. We put them right to 
work and let them learn the methods and practices of our industry, 
and our particular companies and plants, by association with older 
employees. Demands for more and more engineers have come and 
the supply of available ones to hire has steadily dwindled. Simul- 
taneously, the increase in pressure for war production has made 
it harder and harder to tolerate the production setback of assimi- 
lating new men right on the job. To meet this situation we have 
organized various break-in procedures. The usual plan is for a 
new comer to spend from 4 to 6 weeks full time every day in lec- 
tures, plant tours and practice on the drafting board under care- 
ful supervision. The program begins with a recheck of proficiency 
at mathematics and engineering drawing, with the mathematics 
treated primarily as to its application to layout drafting practices. 
Our designers must be acquainted with practical Descriptive Geom- 
etry as well as practical algebra and practical trigonometry. These 
three branches of mathematics find far more use in aircraft design 
work than does calculus or any still higher level of math. The 
study of engineering drawing must be fully applied to shop prae- 
tices in metal product manufacture. An appreciation of the prac- 
tices of the foundry, forge, machine shop and sheet metal shop is 
indispensable. Pattern draft angles, fillet radii, limits and toler- 
ances on dimensions for various classes of fits, and standard forms 
of screw thread, must be understood. 

While rechecking on these things (which should already be a 
part of the new man’s knowledge before he comes to us), we give 
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the man a break-in to the aircraft industry, acquainting him with 
its nomenclature, materials, manufacturing customs and practice, 
standards of design, and government design regulations. Also, 
we take this occasion to acquaint him with the geography of the 
local plant and its rules of conduct. Finally, we help him to choose 
one of the design specialties and give him. private coaching for a 
couple of weeks along that line. When he finishes the break-in 
course he is ready for a bonafide assignment of work vital to the 
war effort. By then we have made a considerable investment in his 
training, asking no return from his services meanwhile and even 
paying him at overtime rate for the extra hours involved in the 
heavy course. 

This procedure is quite regularly followed both with new young 
men right out of college and older ones whose experience in other 
industries requires adaptation to our practices. Many women now- 
adays are included in this routine. 

Next let us consider the very special attention given to an oc- 
easional outstanding young man. It has long been our practice to 
pick out a few young men each year for a very special training 
privilege. Their program consists of work time on a rotating sched- 
ule through all the main departments of the plant and all the ad- 
ministrative offices. We call it the shop experience course. It 
aims to enable students to gain first-hand contact with as many 
typical situations in production and management in a few months as 
ordinary experience would provide in several years. These young 
men are being groomed for key engineering and executive positions. 
Their alumni list runs high in percentage of responsible heads of 
various phases of our work. 

To enter the shop experience course a man must be invited. 
Those who receive our management’s invitation have shown by their 
conduct and associations during the early weeks of their employ- 
ment that they stand head and shoulders above the crowd in pro- 
ficiency and leadership qualities. 

Besides these full time training activities, operating right on 
payroll time, there are part time programs which interrupt work 
for brief classes, lectures and study conferences, to develop better 
understanding of design specialities, new design practices, new ma- 
terial, and principles of supervision. 

Outside of hours training activities are widely used. The 
typical university extension course, now so readily made available 
at no tuition cost through the E.S.M.W.T., is the best example. 
Large numbers of our engineers carry instructor assignments for a 
few hours per week covering the various design specialities and 
principles of engineering management. These classes operate at 
night for day workers, and in the daytime for night workers as well. 
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They are located anywhere convenient to the student, sometimes 
right in our own factory buildings. 

All the classes we operate or support have been born of necessity. 
Usually they have been set-up to meet an actual emergency need. 
We find ourselves in the school business although rather unwill- 
ingly. We would prefer to lean upon those institutions who make 
education their profession, and accordingly know best how to carry 
it through. However, we are not unwilling to assume whatever 
may prove to be our fair share of the load. We expect to have 
always a certain amount of job training and local familiarization 
to handle. 

Last but not least to mention among our engineering training 
efforts is the promotional work with the schools and colleges. There 
was a hint of this in our earlier remarks about desirable pre-requi- 
sites for the break-in. To any educational institution that shows 
good prospect of being able to make good use of it, we are eager to 
furnish in detail the particulars of what training it takes to qualify 
an engineering employee to serve our needs. We find this curricu- 
lum building a slow, tedious process. It required much patience. 
Often it is very discouraging. It always seems far easier to per- 
suade whatever company is present, of a need than to get something 
positive done about it. I’m glad to say that deep in the heart of 
Texas we regularly find much better codperation than the national 
average. 

We urge that the college training of engineers be given more of 
a practical flavor. We would like to see more emphasis upon pro- 
duction values. In mathematics, physics and metallurgy there is 
an opportunity to teach through problems making direct applica- 
tion to production situations. If this is done there will be a distinct 
improvement in the qualifications of the applicants who come to us 
for jobs. 

We want to see more training of women for technical work. We 
turn strongly to them for help in these days of absence of sufficient, 
available men. We find now that technically trained women are 
very scarce. It may be well to offer them a course of no more than 
one year duration to cover the high points of usual pre-engineering 
studies in mathematics, mechanics and drawing plus a few aero- 
nautics specialities like materials and manufacturing processes. 
We do not recommend including aerodynamics or stress analysis 
in such a course. The year referred to should be a full calender 
year of 12 months, not just a school year, and might even include 
6 day week operation. 
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III. Forecast 


In closing perhaps a word of forecast is in order. What are the 
industry’s engineering man-power needs for the war? Well, a 
recent survey of the plans of the 8 companies operating in Cali- 
fornia shows a larger number of engineering college graduates de- 
sired before the end of 1943 than will likely graduate from the 
entire nation’s colleges without Army or Navy commissions. And 
we are just talking about California companies. 

Many young engineers we interview want to know about em- 
ployment conditions after the war. Sympathizing fully with this 
yearning for knowledge we gaze into our crystal ball and through 
the fog seem to see a few things fairly plainly. One is, all the ex- 
perience now being gained in straight line point-to-point air cargo 
operation over land or sea indiscriminately with the world’s largest 
land planes isn’t going to be just tossed aside on an armistice day. 
Another thing we can see is, the steady stream of travelers on offi- 
cial war business who commute by air between the capitols of the 
continents, who are too spoiled for any slower transportation to 
think of giving up the present style. 

We don’t have to wait for perfection of a poor man’s airplane 
to find a non-military market for aircraft. There is an enormous 
market now, potential and real, for common carriers. Surely the 
engineers engaged in the manufacture of these have better than 
average chances of permanency and steady rise. 

Right now the opportunities are infinite. The aircraft industry 
is glad to hire at its door steps any man or woman of personal 
eligibility who has mastered just the bare fundamentals of our 
technical jobs. In fact many are being put on the payroll with the 
most obscure qualifications, and patiently lead by the hand through 
a familiarization period. Engineering training in the aircraft in- 
dustry at the present time is one of that industry’s most serious 
engineering problems. 








PROFESSIONAL ENGINEERING DEGREES 


By G. M. BUTLER 


Dean, College of Engineering, University of Arizona 


In the spring of 1942 a committee that consisted of Dean T. G. 
Chapman and the writer, created in the University of Arizona, was 
assigned the task of investigating practices followed in granting 
professional degrees, and formulating a procedure to be followed 
in Arizona. 

Questionnaires were prepared and mailed to the deans or presi- 
dents of all engineering colleges in which one or more curricula 
had been accredited by E.C.P.D., including mining colleges, and 
85 of these questionnaires were filled in and returned. From them 
the data herein given were compiled. 

Sixty-two institutions, or 78 per cent, certainly confer these 
degrees, while 22 institutions do not do so, and the tenor of one 
reply was doubtful. 

Three institutions, Colorado School of Mines, Columbia Univer- 
sity, and Michigan School of Mines, confer them as baccalaureate 
degrees, and three colleges grant them as graduate degrees after a 
fifth year in residence. 

By 44 institutions they are considered earned degrees; by 6, 
honorary degrees; by 7, both earned and honorary; and 6 did not 
give this information. 

Fifteen colleges require a thesis (which involves research in 10 
of them), 13 require a report that covers engineering work of 
which the candidate was in responsible charge, 28 accept either 
such a thesis or report, 4 require neither a thesis nor a report, and 
3. did not furnish this information. 

Fifty-four institutions require that the thesis or report be de- 
posited in the general library; one requires that a thesis, but not 
a report, be deposited in that library; one that a thesis or report 
be deposited in the departmental library; and 3 did not furnish 
this information. 

One college requires that a second copy of the thesis or report 
be deposited in the college library, and another college demands 
that it be placed also in the departmental library. 

The time that must elapse after a baccalaureate degree has been 
received before a graduate is eligible for a professional degree 
varies from one to ten years; the weighted average is 4.45 years. 
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About a third of the institutions that do not grant these degrees 
until three or more years after graduation require that for from 
three to five years a candidate shall have been in responsible charge 
of engineering work. 

Forty-seven institutions grant these degrees only to their own 
graduates, eleven sometimes confer them on graduates of other in- 
stitutions, and four failed to give this information. 

Forty-six institutions confer these degrees only upon gradu- 
ates who have made an outstanding professional record; six col- 
leges confer them as a routine matter without consideration of 
the nature of the candidates’ experience as engineers; and eleven 
institutions withheld this information. 

As compared with the number of undergraduate degrees con- 
ferred, 71 per cent of the colleges that supplied this information 
eventually confer two per cent, or less, as many professional de- 
grees. The relatively small number of such degrees conferred 
emphasizes the fact already stated that, in most instances, the con- 
ferment of these degrees is decidedly not a routine matter. 

One college reports that it grants these degrees to graduates 
who have had at least five years of practical experience provided 
they have done above average undergraduate work, while another 
institution grants these degrees only to registered professional 
engineers. 

Consideration of the facts given shows that an institution will 
conform to the practice that prevails in the majority of the engi- 
neering colleges in the country if it observes the following regula- 
tions: 

Professional engineering degrees which are regarded as earned, 
not honorary, are granted to the colleges’ own graduates, only, 
who have made outstandingly good professional records during not 
less than about five years after baccalaureate degrees are conferred, 
provided the candidates themselves apply for the degrees, and 
provided, also, that such applications are supported by either a 
thesis that may or may not involve research or a report on pro- 
fessional work done by the candidate, which thesis or report is 
deposited in the institution’s general library. 








THE “ENERGY METHOD,” WHICH ONE?* 


By ALFRED 8S. NILES 


Professor of Aeronautic Engineering, Stanford University 


SUMMARY 


After a general discussion of possible systems for designating 
caleulation procedures applicable to structural analysis, some spe- 
cific suggestions are made regarding the group of procedures that 
often pass under the name of ‘‘the energy method.’’ Many of the 
problems to be solved by the structural engineer fall into three 
distinet groups. 

I. Determination of deformations and deflections of a structure 
subjected to known loads. 

II. Computation of internal forces and external reactions for a 
statically indeterminate structure in equilibrium. 

III. Determination for a structure in equilibrium whether that 
equilibrium is stable, neutral, or unstable. This includes 
problems of determining the ‘‘critical loading’’ at which equi- 
librium changes from stable to unstable. 


Many of the procedures taught for solving problems in each of 
these groups involve conscious use of certain principles pertain- 
ing to the strain energy stored in the structure, and the work done 
by the external forces as they are being applied. Therefore many 
of these procedures are called ‘‘the energy method’’ or ‘‘the strain- 
energy method”’ by their proponents. If only one procedure were 
so designated there would be no confusion. At present, however, 
these terms are applied to so many radically different procedures 
that they are worthless for purposes of identification. 

An important source of this confusion in terminology is fail- 
ure to recognize effectively that very different practical procedures 
may be based on a single principle or group of principles, and also 
that a single procedure may be justified by resort to alternative 
groups of principles. For example, the analysis of a simple truss 
by the analytical method of joints, and the analysis of the same 
truss by drawing a reciprocal diagram, represent the application 
of exactly the same mechanical principles, but the procedures are 
entirely different. On the other hand, when the deflection of a 

* Presented at the 50th annual meeting, 8. P. E. E. (Aeronautical), New 
York City, June 27-29, 1942. 
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beam is computed by substituting numerical values in a handbook 
formula, there is nothing to indicate whether reliance is being 
placed on successive integration, elastic loads, an ‘‘energy method,’’ 
or merely the veracity of an author and the alertness of a proof- 
reader. Similarly the use of the equation 
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in the solution of a redundant truss may be considered, either as 
a specialized application of the Maxwell-Mohr method of deflection 
synthesis, or as a specialized application of the method of least 
work. In fact this very formula which is presented as an appli- 
cation of the former method in the second edition of ‘‘ Airplane 
Structures,’’ ? was presented in the first edition * as an application 
of the latter. 

While easy to point out defects in the present nomenclature of 
methods of analysis, it is not so easy to suggest satisfactory reforms. 
Three general systems are available for identifying a specific com- 
putation procedure: One, use the name of its originator; two, em- 
ploy a word or phrase descriptive of some distinguishing feature 
of the method; three, refer to some principle on which it is based. 

The weaknesses of the first system are, first that the originator 
of the method may be unknown so that credit may be given to 
the wrong man, and second that most of our methods, as used at 
present, have been developed by a sequence of workers among 
whom it is difficult to apportion credit. Some engineers also have 
originated more than one method of analysis, even for a single type 
of problem, and this situation would present difficulties. 

The chief defect of any attempt to name procedures by distin- 
guishing characteristics is that very few procedures have such 
characteristics. 

The third method presents a number of problems. In the first 
place, it is rare that a procedure rests on a single principle. 
Normally it depends in varying degree on each of a group of prin- 
ciples, and opinions may vary regarding the relative importance 
of each. This makes it difficult to decide which principle to use 
in naming the method. At the same time there are the difficulties 
mentioned above, that a given procedure may be justified by re- 
sort to different principles, while a given principle may be the 
chief resort for proving the validity of several distinct procedures. 
In some cases, also, a procedure is originally based primarily on 

1 Niles, A. S., and Newell, J. S., ‘‘ Airplane Structures,’’ p. 328, 335; John 


Wiley and Sons, New York, 1929. 
2 Niles, A. S., and Newell, J. S., ‘‘ Airplane Structures, 2d Ed. Vol. II, p. 


12; John Wiley and Sons, New York, 1938. 
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one principle but later workers find it more easily justified by 
resort to a different principle, and the later derivation is the one 
commonly used in the textbooks. The student is then confused by 
the fact that the procedure is designated by the name of a prin- 
ciple to which it bears no apparent relationship. 

This last difficulty is largely due to the fact that most of the 
‘*principles’’ underlying methods of structural analysis are not 
independent fundamental theorems. As Mach points out repeat- 
edly in ‘‘The Science of Mechanics’’ the actual subconscious basis 
for recognising the truth of a theorem in mechanics is seldom, if 
ever, used as the starting point of a formal proof of its validity. 
One starts from whatever phase of general truth appeals to him as 
self-evident, or at least as firmly established, and then proceeds by 
more or less rigorous mathematical processes to prove the truth 
of the phase which he considers less obvious or less well established. 
For example, Mach shows that when critically considered all of the 
‘*proofs’’ of the principle of virtual work may be reduced to the 
statement that ‘‘when nothing can happen nothing will happen.’’* 
Thus the so-called ‘‘principles’’ are often not expressions of dif- 
ferent facts, but statements of different aspects of the same fact, 
or statements of a familiar fact in a new form. 

This should not be interpreted to mean that the various “‘prin- 
ciples of mechanics’’ found in the text-books are of no value to 
the engineer. They are of great value in leading to economy of 
thought, and may be likened to the bench marks showing eleva- 
tions above sea level, which are set up by the U. S. Geological 
Survey to make it unnecessary to start each new line of levels at 
the sea coast with a redetermination of mean tide. They act simi- 
larly as reliable mental datum points from which to start a new 
train of reasoning without having to repeat and duplicate earlier 
work. The individual writer in proving the validity of a pro- 
cedure has a free choice of the ‘‘mental bench mark’’ from which 
he will start his line of reasoning, and it is only to be expected 
that different writers will make different choices. 

Another defect of the practice of using the names of mechanical 
principles for identification purposes comes from lack of consistency 
in the formal definitions of those principles. Thus Weld in his 
‘*Glossary of Physics’’ defines the principle of Virtual Work as that 
which ‘‘states that a condition for the equilibrium of a system is that 
the total virtual work due to all internal and external forces acting 
upon the system is zero; or in other words, that the potential 
energy of the system is a minimum or a maximum or constant.’’ * 

8 Mach, E., ‘‘The Seience of Mechanics,’’ p. 76; The Open Court Pub- 
lishing Co., Chicago, 1893. 

4 Weld, L. D., ‘‘Glossary of Physics,’’ p. 247; MeGraw-Hill Book Co., 
New York, 1937, 
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Fife and Wilbur in the ‘‘Theory of Statically Indeterminate 
Structures’’ define it thus, ‘‘If a body is in equilibrium and re- 
mains in equilibrium while it is subjected to a small virtual dis- 
tortion, the virtual work done by the external forces acting on the 
body, plus the virtual work done by the inertia forces, is equal to 
the virtual work of distortion.’’ ® 

Here are two definitions, one in which the total virtual work must 
be zero, and another in which one class of virtual work must be 
numerically equal to another class. These definitions are not 
verbally identical, and they actually do not describe the same as- 
pect, but two closely related aspects, of the fundamental fact 
mentioned by Mach. Either may be used as the starting point of 
a train of reasoning to justify any procedure that could be properly 
called a ‘‘method of virtual work.’’ If Weld’s definition is used 
the first step would normally be a resort to the principle of con- 
servation of energy to prove the truth of Fife and Wilbur’s. 
From that point on the trains of reasoning would be identical. In 
this ease, therefore, the use of the same name for two different but 
closely related aspects of the same body of fact does not result in 
any differences in the derived computation procedures. On the 
other hand, the engineer who starts from Weld’s definition recog- 
nizes his procedure is based upon the principle of conservation of 
energy as well as that of virtual work, while the engineer who starts 
from Fife and Wilbur’s definition may fail to recognize that fact. 
Until there is closer agreement among writers regarding the exact 
aspect of the body of fundamental fact described by a given named 
principle, considerable care must be taken when stating that a cer- 
tain computation procedure is based on that principle. Otherwise 
the user of the procedure is likely to lack a proper grasp of the 
reasoning on which it is based, and therefore of its exact scope and 
limitations. 

Perhaps the best solution of the problem of nomenclature is to 
attempt a judicious use of all three systems simultaneously. If a 
procedure has a feature which does differentiate it from its alterna- 
tives, that feature is the best basis for a name for the method. If 
it can be established that a procedure was originally developed by 
a specific individual, or brought to essentially its present form by 
a specific individual, the method is best known by his name. Often 
it will be proper to use the name of a man who was neither origi- 
nator nor perfecter of the method, but the one who had so great a 
share in its development and application to general practice that 
his name is naturally associated with it. The employment of the 
basic principle used for the name of a method is normally un- 

5 Fife, W. M., and Wilbur, J. B., ‘‘Theory of Statically Indeterminate 
Structures,’’ p. 18; MeGraw-Hill Book Co., New York, 1937. 
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desirable, and should be resorted to only when the method is an 
obvious use of that principle according to any of its more common 
formulations, and it can be derived from alternative principles 
only by the use of awkward and round-about lines of reasoning. 
In a great many cases no satisfactory designation can be obtained 
by the use of a single basis of nomenclature. Then it is best to 
use both the most appropriate personal name, and either a dis- 
tinguishing feature of the procedure or a principle on which it is 
based. 

Another source of trouble in developing a system of nomencla- 
ture for methods of analysis is that it is seldom that two writers 
describe a given method identically. Each has his individual 
manner of deriving it, and usually there are also differences in 
the suggested manner of application. If each variation were given 
an individual name, their designations would be so numerous that 
they would no longer be effective for purposes of identification. 
Most of the methods, however, fall into groups and it is usually 
sufficient if the group to which a given procedure belongs is clearly 
identified. One might say they are variations on a certain theme, 
and be content with identifying the theme without trying to specify 
in detail the variation. Even so there would be difficulty with a 
method, and there are many of them, which is a combination of 
procedures of two or more usually distinct groups. In such cases 
perhaps the best solution is to use the name of the originator, at 
least until enough minor variations of his method have appeared to 
justify the recognition of a new group. 

The above remarks are general in character and it is desirable 
to show how the principles of nomenclature advocated might be 
applied in practice. This will be done in connection with the more 
important ‘‘energy’’ methods. No detailed descriptions of these 
methods will be attempted here as they are all adequately described 
in the references. 


DEFLECTION COMPUTATIONS 


The most commonly used ‘‘energy method’’ for computing de- 
flections is that which was independently developed by Maxwell 
in England and Mohr in Germany. This method is described in 
several textbooks * in which the proof of its validity closely paral- 


6 Niles, A. 8., and Newell, J. S., op. cit., 2d Ed., Vol. I, pp. 373-392; 
Parcel, J. I., and Maney, G. A., ‘‘Statically Indeterminate Stresses,’’ 2d Ed., 
pp. 13-36; John Wiley and Sons, New York, 1936; Spofford, C. M., ‘‘ Theory of 
Structures,’’ 3d Ed., pp. 359-370; McGraw-Hill Book Co., New York, 1928. 
These and the following references to descriptions of the various computation 
procedures are not intended to be exhaustive but only representative. Addi- 
tional references could have been included but the writer could see no gain in 
so doing. 
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lels that of Maxwell, but covers a wider range of problems. This 
proof is based primarily on the proposition that when a structure 
subjected to loads is so deformed that all the energy represented 
by the work done by the forces acting on the surface of the struc- 
ture is transformed into strain energy of its elements, the work 
done by the forces acting on these elements during the deformation 
is an independent alternative measure of that energy. This propo- 
sition is essentially a direct application of the more general princi- 
ple of conservation of energy to the type of event under considera- 
tion, and can be derived without resort to the principle of virtual 
work. Mohr, on the other hand, develops practically the same 
procedure as an application of the principle of virtual work. Max- 
well’s work was not made familiar to engineers until after Mohr 
had introduced the procedure to common practice, and most engi- 
neers have followed Mohr’s example of terming it the Method of 
Virtual Work. Sometimes it is termed the Method of Virtual 
Velocities or Virtual Displacements, those being alternative names 
of the principle in question. Although the writer calls the method 
that of Virtual Work in his book he is not at all satisfied with this 
terminology since, following the example of Clerk Maxwell’ and 
C. M. Spofford,* he did not use that principle in its development, 
with the result that the reader of his book can see no connection 
between the procedure and its name. He now believes that it 
would have been better to have followed those authors who call it 
the Dummy Unit Load Method, since the use of a dummy unit load 
is its striking characteristic. 

A second ‘‘energy method’’ of computing deflections is also 
described in several texts. The chief characteristic of this pro- 
cedure is a differentiation of the expression for the strain 
energy stored in the structure as a result of imposing the loads 
causing the deflections desired. This procedure may be justi- 
fied as a modification of the Dummy Unit Load Method, or as 
a direct application of a principle promulgated by Castigliano. 
Writers differ as to whether the principle in question should be 
called Castigliano’s first or second theorem. Pippard and Baker 
term it the former and Fife and Wilbur the latter. For purposes 
of identification it is suggested that the procedure be termed the 
‘*Use of Castigliano’s theorem,’’ dodging the question of the num- 
ber of that theorem. This practice should not result in confusion 
with the method of Least Work developed by Castigliano, since 
the latter is used to compute stresses and not deflections. 

7 Maxwell, J. C., ‘‘On the Calculation of the Equilibrium and Stiffness of 
Frames,’’ Philosophical Magazine, London, April, 1864. 

8 Niles, A. S., and Newell, J. 8., op. cit., 2d Ed., Vol. I, pp. 394-396; 


Parcel, J. I., and Maney, G. A., op. cit., pp. 36-40; Timoshenko, 8., ‘‘ Strength 
of Materials,’’ Vol. I, pp. 318-326, D. Van Nostrand Co., New York, 1930. 
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Still a third ‘‘energy method’’ is described by Timoshenko in 
his ‘‘Theory of Elastic Stability.’’® In this procedure the princi- 
ple of virtual work is used explicitly as an essential element in 
determining the coefficients of a Fourier series representing the 
elastic curve, and the desired deflection is obtained by evaluating 
the first few terms of the series. This method could well be called 
Timoshenko’s Method of Virtual Displacements. Although Dr. 
Timoshenko has informed the writer that the possibility of apply- 
ing this method was suggested by the work of Lord Rayleigh, it 
was Dr. Timoshenko who developed it into a practical tool for 
engineering use. It therefore properly can carry his name. The 
use of his name distinguishes this method from the older one due 
to Maxwell and Mohr, and the use of the term Virtual Displace- 
ments in place of Virtual Work might prove helpful in achieving 
the same end. This substitution is particularly fitting since Dr. 
Timoshenko normally speaks of virtual displacements rather than 
virtual work. It may be noted it would be exceedingly difficult 
to justify this method without some resort to the principle of 
virtual work, while it is the opinion of the writer that the pro- 
cedure of Mohr can be more readily justified and understood if 
there is no mention of that principle. Dr. Timoshenko suggests 
that this method should be called the Trigonometric Series Method. 


MetHops or ANALYZING REDUNDANT STRUCTURES. 


Several methods are in use for obtaining deformation equations 
needed to supplement the equilibrium equations in analyzing re- 
dundant structures. Some, following the lead of Maxwell and 
Mohr, apply the method of superposition to obtain equations ex- 
pressing certain known deflections of the structure in terms of 
deflections due to the known values of the external loads and the 
unknown redundant forces. This method is described in many 
texts *° and is often termed the Maxwell-Mohr Method. It is diffi- 
cult to devise an entirely satisfactory name for this procedure, 
and the best the writer can suggest is the ‘‘Maxwell-Mohr method 
of synthetic deflections.’’ This phrase not only gives the name of 
the chief originators of the method, but also suggests the procedure 
of building up the deformation equations by combining or syn- 
thesizing deflections due to the various forces involved. The ex- 
pression ‘‘synthesized deflections’’ might be logically preferable, 
but it is too much of a tongue twister. When the necessary deflec- 


9 Timoshenko, 8., ‘‘ The Theory of Elastie Stability,’’ pp. 23-31, MceGraw- 
Hill Book Co., New York, 1936. 

10 Niles, A. S., and Newell, J. 8., op. cit., Vol. II, pp. 5-15; Parcel, J. I., 
and Maney, G. A., op. cit., pp. 90-115; Spofford, C. M., op. cit., pp. 417-422; 
Sutherland, H., and Bowman, H. L., op. cit., pp. 223-231. 
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tions are obtained by the Dummy Unit Load Method it is sometimes 
referred to as an ‘‘energy method’’, but that is a misnomer, since 
the essential element: of the procedure is the system of developing 
deformation equations, and that is independent of the procedure 
employed to compute the deflections used. This is true even 
though the special formulas used for specific classes of problems are 
those resulting from the use of the Dummy Unit Load Method. Dr. 
Timoshenko has suggested the method be termed simply the Max- 
well-Mohr Method without further qualification. 

An alternative to the Maxwell-Mohr method for computing 
stresses is the Method of Least Work.’' As shown by its deriva- 
tion in ‘‘ Airplane Structures’’, this can be considered as a system 
of using the Maxwell-Mohr method with the necessary deflections 
determined by Castigliano’s Theorem, and the calculations so ar- 
ranged that the individual deflections needed are not consciously 
computed. On the other hand it may properly be regarded as a 
direct application of the Principle of Least Work, and therefore 
rightly termed an Energy Method. On the whole it seems better 
to call this the Method of Least Work, thus specifying the partic- 
ular principle most obviously employed, than to use the more 
general and thus more ambiguous term of Strain Energy Method. 


DETERMINATION OF TYPE OF STABILITY 


When it is desired to determine from energy considerations 
whether a condition of equilibrium is stable or unstable, or the 
critical load with respect to elastic instability, resort is usually had 
to a method first used by Perry and Bryan, but extended to a 
much wider range of problems and effectively introduced to engi- 
neering practice by Dr. Timoshenko. This method, which is fully 
developed in his ‘‘Theory of Elastic Stability’’ is based upon the 
principle, first enunciated by Maupertuis, that for a system to be 
in stable equilibrium, its potential energy must be a minimum with 
respect to any geometrically possible change in configuration. This 
‘*principle of ‘least energy’ ’’ must be carefully distinguished from 
Castigliano’s much more limited ‘‘principle of least work.’’ It 
is carefully described in Art. 14 of the ‘‘Theory of Elastic Stabil- 
ity,’’ and numerous applications are made of it in the remainder 
of that text. The application of the principle to an ideal column 
is also outlined in ‘‘ Airplane Structures.’’** Although the method 
has been used in some isolated problems by other writers, Dr. 

11 Niles, A. S., and Newell, J. S., op. cit., Vol. II, pp. 20-29; Parcel, J. I., 
and Maney, G. A., op. cit., pp. 121-125; Spofford, C. M., op. cit., pp. 422-437; 
Sutherland and Bowman, op. cit., pp. 184-186, 217-223; Timoshenko, &., 


‘*Strength of Materials,’’ Vol. I, pp. 327-336. 
12 Niles, A. 8., and Newell, J. S., op. cit., Vol. I, pp. 274-287. 
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Timoshenko has done so much to develop its use and make it a 
part of accepted practice that it is most appropriately called Timo- 
shenko’s Method, or Timoshenko’s Method of Computing Critical 
Loads. 

The writer does not expect instant and complete acceptance of 
his suggestions for naming the various ‘‘energy methods’’ of 
analysis. Others will prefer alternative designations for some of 
the methods, and many of their suggestions will have more merit 
than those in this paper. The writer would like to see the Society 
for the Promotion of Engineering Education create a committee 
on nomenclature to study the problem and promulgate a system of 
designating analysis procedures that might be generally accepted 
by the authors of textbooks. The work of such a committee should 
not be limited to the narrow field of energy methods for solving 
structural problems, but should have a much greater scope. In 
fact it would be desirable to have enough committees named that 
all branches of engineering could be covered. If such action is 
not practicable it is suggested that authors, when they first refer 
to a method of analysis, not only give it as suitable a name as pos- 
sible, but also give a reference to the particular book or paper in 
which the exact procedure referred to is described. 

One cannot reasonably hope to eliminate the present confusion 
in nomenclature by a single short paper. This one will have served 
its purpose, however, if it stimulates discussion, and helps to elimi- 
nate the all too prevalent practice of calling any computation in 
which considerations of energy are directly, or even indirectly, 
involved ‘‘THE Energy Method.’’ 
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DEPARTMENTAL AND INTER-DEPARTMENTAL 
RESEARCH IN HEAT-POWER ENGINEERING * 


By FRANK 0. ELLENWOOD 


John Edson Sweet Professor of Engineering, Cornell University 


Now that our country is at war with ruthless enemies who have 
long eared little for the individual, it is appropriate that we, as 
individuals, should reappraise our own codperative efforts in all 
branches of work, regardless of whether it is engineering research 
or not. This statement has special significance for us when we ob- 
serve some individuals who lack the proper public spirit as exempli- 
fied by their willful attempts to continue to live just as though we 
were not engaged in the world’s greatest war. When we try to 
determine the cause of these defects in some of our citizens in war 
time, we find the tendency is to blame the educational program of 
our secondary schools and colleges. In this connection it may be 
said, in general, that when the shortcomings of our citizens are held 
up before us, the educational program is blamed whether justly or 
not. On the other hand, most of our secondary schools and colleges 
have probably been somewhat at fault in emphasizing the im- 
portance of the individual and in failing to stress the privileges and 
duties of each member of a democratic society. 

In our universities, one might naturally expect to find the closest 
codperation between different departments in all branches of re- 
search that involve common points of interest. Upon investigation, 
unfortunately, one sometimes finds that major differences of opin- 
ion, jealousies, and personal dislikes may interfere with real inter- 
departmental research. The same human characteristics often 
show up, even to a greater degree, in many large commercial or- 
ganizations. When these situations arise, they are embarrasing 
to all concerned, to say the least; and those in charge of the de- 
partments are often not aware of the lack of codperation until some 
unusually bad delay in the work brings it to their attention. Any 
one engaged in research in heat-power engineering is likely to be 
brought into contact with many other departments, such as mechan- 
ical laboratory, shops, physics, chemistry, and mathematics. The 
author’s experience with these departments has generally shown 
a sincere desire on their part for full and helpful codperation. 


* Presented at the Fiftieth Annual Meeting, 8. P. E. E. (Research), New 
York City, June 27, 1942. 
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In this connection it seems appropriate to specify a typical example 
that brings out clearly the advantages of whole-hearted codperation 
between different groups. Recently one of the members of our 
heat-power department desired to make an instrument for meas- 
uring the angle factors in radiation. He showed pencil sketches 
of the device to the Superintendent of shops and asked for sugges- 
tions. This Superintendent is exceptionally well trained tech- 
nically, and is a man of keen insight regarding new designs; he is 
also always pleased to help those in other departments. It will not, 
therefore, surprise you to learn that in this instance several valu- 
able suggestions were offered by the Superintendent to improve the 
design structurally and also to make it easier to construct. These 
suggestions were immediately recognized by the original designer 
as valuable ones; and the device was soon constructed and placed 
in successful use. This pleasant picture is just the opposite of 
that sometimes seen when two or more departments are involved 
in almost endless controversies over delays and certain details of a 
new project. 

At the present time, heat-power engineers throughout this coun- 
try are effectively struggling with a production program that is 
astounding, and that properly takes precedence over research. This 
statement applies to internal-combustion engines for airplanes, 
tanks, trucks, tractors, submarines, locomotives, and small ships; 
to steam-generating equipment, turbines, and engines for naval 
vessels and freighters ; also to steam locomotives and to large steam- 
electric central stations. As an example of the magnitude of the 
problem, consider the central-station industry, concerning which 
the general public usually hears but little. It has recently been 
announced by the War Production Board that the electrical energy 
to be expended annually for our war effort alone will soon reach 
140 billion kwhr. This tremendous amount of energy can be vis- 
ualized, to some extent possibly, by noting that it lacks less than 
4 per cent of equaling the total output of all our central stations 
for every purpose during the year 1940. Under these circum- 
stances, naturally, the subject of research in this field becomes of 
secondary importance to that of immediate production. To help 
the central stations meet their abnormal demands the War Pro- 
duction Board has ordered all utilities to operate their systems in 
such a way that the maximum output may be obtained from their 
present capacity, and to establish interconnection with other sys- 
tems to enable exchange of energy from all sources. This drastic 
order applies to small private power plants (of 100 kw or more) 
as well as to the large central stations. The companies that are 
furnishing electrical energy to a community through a vast net- 
work of interconnections between large and small power plants 
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face the difficulty of carrying the load, and at the same time estab- 
lishing fair rates for the exchange of electrical energy between the 
plants concerned. This problem has often been a real stumbling 
block in the way of interconnections between large and small sys- 
tems; and it is now before us in even a more complicated form as 
one of the realities of war. For its solution, we need the hearty 
codperation of many concerns with the director of industry opera- 
tions. Possibly numerous members of our society who are well 
trained in heat-power engineering and who have the proper co- 
operative spirit will be called upon to assist in this work. 

Our large steam plants are constantly making progress in the 
successful use of steam of higher pressures and temperatures. This 
statement applies to our naval and marine installations as well as 
to those on land. In all of these plants, as the maximum demand 
for steam becomes more nearly continuous due to the war, the 
greater become the chances of outages due to imperfect feedwater. 
The troubles from this source are intensified if the boiler circulation 
is not ample; and many engineers now believe that the forced-cir- 
culation type of boiler is, at least, part of the solution of the 
problem. It seems logical, therefore, to expect that all of us will 
study carefully and with intense interest the performance of the 
foreed-circulation unit recently installed at the Somerset Station 
of the Montaup Electric Company. 

Careful consideration of the general problem of maintaining 
comfortable conditions in our homes and public buildings will show 
that we need further codperative research between physiologists, 
architects, and engineers. From the standpoint of comfort, some 
of our heating systems are but one step removed from an open fire 
in the corner of an enclosure. The entire problem should be in- 
vestigated from the viewpoint of providing comfort and, at the same 
time, conserving our national resources. Further information is 
needed regarding the heat-transfer characteristics of materials and 
types of construction that may eventually be found superior to those 
in common use today. This statement is particularly true when the 
effects of unsteady heat flow are considered. 

For tke internal-combustion engine, the war makes it essential 
to appropriate staggering sums of money for production and re- 
search. Our airplane engines must be constantly improved to keep 
ahead of those of the enemy. Most of this work will be done by 
the research departments of the army, navy, and the engine manu- 
facturers, because the equipment involved is too elaborate and ex- 
pensive for our universities. There are, however, certain funda- 
mental truths yet to be discovered in many branches of this work, 
and the universities can help in such research projects. For ex- 
ample, the supercharger is a vital part of the engine used in mili- 
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tary air craft today, but in our present study of this device, we 
need to develop instruments and technique for the measurement of 
pressure, temperature, and velocity of fluids at supersonic veloci- 
ties. Further research is needed on the fuel-induction system, 
bearings, lubrication, cooling systems, spark plugs, pistons, rings, 
valves, and cylinders. While our present record for continuous 
operation of airplane engines is extremely gratifying, no one will 
say that he is entirely satisfied, and that further improvements can 
not be confidently expected. For the compression-ignition engine, 
we need lighter engines that will still be reliable for long periods of 
continuous operation. The fuel-injection system, combustion cham- 
bers, cooling systems, lubrication systems, and various engine parts 
afford opportunity for further development. 

Fuels that are suitable for various types of internal combustion 
engines are vital necessities of modern war. These fuels are also 
necessary for use in times of peace if we are to continue to live in 
our accustomed manner. Although we now lead the world in the 
quality and quantity of high grade petroleum fuels, it is gratifying 
to note that there has just been created by the joint action of the 
American Petroleum Institute and the Society of Automotive 
Engineers a new organization designated as The Codperative Re- 
search Council whose purpose is ‘‘to centralize, correlate, and pro- 
mote codperative research activities of the automotive, aeronautie, 
and petroleum industries.’’ This new organization should be able 
to do a vast amount of work that is valuable not only to their 
sponsors, but to all of us who are interested in this important field. 
The mere fact of its organization shows the proper spirit of its 
sponsors in trying to secure a greater degree of codperation among 
this large group of research workers. 

In the refrigeration field, the war has given the required impetus 
to develop some freon-12 centrifugal compressors that are really 
large—about 500 tons each. Although evaporators and condensers 
have been greatly improved during recent years, this work needs to 
be continued. For the vacuum system of refrigeration, the ejector 
is the heart that still baffles us when we try to analyze its losses. 
The refrigeration of foods, both in time of war and peace, affords 
a good opportunity for codperative research by many individuals 
in widely separated fields. Here the engineer needs technical ad- 
vice on what new foods are likely to be used, how they should be 
transported, and how they should be stored to retain their best 
nutritive values. 

In many of our universities, our research programs have been al- 
ready greatly curtailed as a result of the war; and it would require 
a superman to predict with confidence just what these programs may 
become after the war. It is certain, however, that research will 
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continue in industry and in our universities even though the funds 
available for the work may be appreciably less than in former years. 
The reduction in funds available for research, or even their elimi- 
nation, need not be considered as a death blow to research in heat- 
power engineering or many other departments; because we trust 
that we shall still have our libraries, sliderules, paper, an pencils 
(but without rubbers possibly!). With this equipment and some 
really keen young minds eager to tackle difficult problems, a large 
amount of important work can be done without building any new 
apparatus or taking any additional readings. In other words, 
we have already available for us important observations that will 
require hard study to derive the general relations that we need. 
This part of the work is often far more difficult than the experi- 
mental portion. As one specific illustration of what is involved 
in the preceding statements, let me cite the effect of solar radiation 
and air-temperature differences upon the cooling load of air-con- 
ditioned buildings. This subject needs much additional analytical 
work done upon it before the enormous amount of data available 
in the publications of the American Society of Heating and Venti- 
lating Engineers can be used most effectively. 

As another example, most of you may recall that at the annual 
meeting of the American Society of Mechanical Engineers last De- 
cember there was presented an excellent paper on ‘‘Studies of Heat 
Transmission Through Boiler Tubing at Pressures From 500 to 
3300 psi’’ by six men from the Consolidated Edison Company. 
This paper contains numerous important features, among which 
may be found many pages of valuable data on heat transmission 
and also on the drop of pressure in high-pressure boiler tubes. 
Here is a case in which the magnitude and cost of the equipment 
involved were so great that the observed data could not be dupli- 
eated in any university laboratory now in existence or likely to be 
built in the future. The data are available, however, for many 
years of fruitful analytical research in our universities by men 
who have sufficient ability, training, and determination to dig 
further into nature’s secrets in order that we may have available 
more general relations than are now known. Therefore, it seems 
appropriate to suggest that our university research programs should 
emphasize the importance of analytical work as well as laboratory 
observations. 

In conclusion, the main points presented here may be summar- 
ized by saying that codperative efforts of all individuals are es- 
sential in war time and advantageous at all times; that our edu- 
cational program should always attempt to strengthen the 
codperative spirit of our youth; that all research workers both in 
industry and in our universities should coéperate fully with others 
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whether in the same department or not; that, even though research 
funds are almost nil, much important analytical work can be done 
with observed data already available; that research work in the 
various fields of heat-power engineering is vital to our war efforts; 
and that most of these fields of activity, such as those pertaining 
to the internal combustion engine, the steam power plant, the air 
conditioning of our homes, the transportation of our freight, the 
efficient use of fuels, and the refrigeration of our foods are properly 
and generally considered essential to our normal American way 


of life. 
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BETTER TRAINING FOR COMMUNICATION 
ENGINEERING * 


By 8. G. LUTZ 
Naval Research Laboratory, Washington, D. C. 


INTRODUCTION 


Training for Electrical Communication Engineering has shown 
vast improvement during the past year. Prior to the war, many 
schools showed interest in improving their communication work but 
progress in this direction too often has been hampered by the belief 
that communication training is too specialized for undergraduate 
curricula. It is the viewpoint of this paper that much of our 
undergraduate electrical training actually has not been sufficiently 
general to meet the needs of men entering the communication field. 
It is believed that there has been so much power specialization in 
required courses that the needs of communication men often have 
been neglected. 

This subject is so highly controversial that it must be under- 
stood that the opinions and conclusions to be expressed are purely 
personal and do not necessarily reflect the views of my employers, 
past or present. 


Sources ofr INFORMATION 


As engineers, we are expected to discount personal opinions in 
favor of facts which have been established from experimental data. 
Consequently, let us commence by examining the types and sources 
of data used in the preparation of this paper. First, it seemed im- 
portant to determine, with some accuracy, the relative percentages 
of our graduates who followed power work, communications, or who 
failed to follow electrical engineering. This information seemed 
essential to establish the relative importance of the communication 
field and the attention we are justified in devoting to it. Next, it 
seemed desirable to analyze the curricula of a representative num- 
ber of schools to determine the relative emphasis now being placed 
upon the various phases of electrical training. Further data were 
assembled from an analysis of the more widely used ‘‘circuits’’ 
textbooks to determine the relative emphasis being placed upon 
power and communication applications. Finally, expressions of 

* Presented at the 50th annual meeting, 8S. P. E. E. (E.E.), New York City, 
June 27-29, 1942. 
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opinion were obtained from a large number of teachers, engineers, 
and employers. It must be confessed that many of the author’s 
personal opinions have been modified drastically by the information 
obtained from this survey. 


OBJECTIVES OF COMMUNICATION TRAINING 


Before discussing the data which have been assembled it seems 
advisable to propose some definitions and objectives to clarify the 
aims of this paper. This paper is concerned solely with the tech- 
nical aspects of communication training. The importance of the 
cultural and economic aspects of engineering education seems gen- 
erally recognized. 

The term ‘‘electrical communication’’ will be used in its broad 
sense to include all branches of the electrical art which are con- 
cerned primarily with conveying information of any kind. All 
such branches have one important common denominator; they all 
involve the use of non-recurrent waves. Since any non-recurrent 
change in a wave, as is necessary for communication, must set up 
a continuous band of frequencies, finite bandwidth is a prime re- 
quirement of all communication circuits. 

This concept of bandwidth forms perhaps the most important 
distinction between the communication and power viewpoints of 
electrical engineering. The communication engineer usually con- 
siders frequency as his principal independent variable and studies 
circuit behavior over a broad band of frequencies. The power 
engineer generally assumes the frequency to be fixed and is more 
interested in the effects of varying the magnitude and power factor 
of this load. More obvious differences, such as the magnitudes of 
the quantities involved and the types of equipment used, seem of 
less fundamental importance. 

In order to decide how the educational needs of a communica- 
tion engineer may differ from those of a power engineer, let us 
first make some generalizations on the technical needs of all engi- 
neers. It is universally agreed that we cannot hope to teach a 
student every thing he may need to know, even in one specialized 
field of engineering. If a man is to achieve real technical success 
he must continue his education throughout his career; mastering 
new fields of knowledge and assimilating fresh information as the 
need for it arises and as it becomes available. Most of this new 
knowledge must be gained from the technical literature, rather than 
from texts. (It is no longer new by the time it gets in texts!) The 
engineer who attempts original work on a fresh problem without 
first searching the literature to find what information others have 
contributed to that problem inevitably wastes time and money 
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through duplication of effort. Any engineer faces a serious handi- 
cap if there is a large gap between the level of his training and the 
level of the technical literature he must read. Therefore, it seems 
that one of our greatest responsibilities is to give the student that 
knowledge which technical authors have the right to assume he is 
familiar with. 

Of course the mere ability to digest technical literature is not 
sufficient in itself, for a good engineer must possess the technique, 
imagination, and judgment necessary to put this newly acquired 
information to work. The initial development of these qualities 
also is our responsibility. This reasoning may be summarized by 
saying that, ‘‘ A well trained engineer is one who can read his tech- 
nical literature intelligently and apply the information thus ob- 
tained.’”’ 

It is believed that there has been a larger gap between the level 
of our undergraduate training and the level of the technical litera- 
ture in the communication field than in the power field, and that this 
condition results largely from an inadequate balance in supposedly 
‘*veneral’’ courses. 


DISTRIBUTION OF EMPLOYMENT 


The requests for data on employment and curricula were mailed 
in the late summer of 1940, before the defense program had greatly 
stimulated the demand for communication men. Twenty-five 
schools with an average annual total of 666 graduates submitted 
information on relative employment for the five preceding years. 
Most replies probably were estimates but their average should be 
reasonably accurate. The averages were calculated from the num- 
ber of graduates in each classification, rather than merely by aver- 
aging the percentages reported by both large and small schools. 
These averages showed 59.8 per cent employed in the power field, 
25.0 per cent in the communication field, and 15.2 per cent in non- 
electrical fields or unemployed. In other words, about one out of 
four of our graduates entered communication work between 1935 
and 1940, and there were only 2.4 power men for each communica- 
tion man. 

It is certain that a far larger percentage would apply today, 
when the majority of our graduates are being grabbed for com- 
munication work with the armed services, war industries, or the 
government. It also is certain that far less than 25 per cent found 
communication employment twenty or so years ago when the tele- 
phone industry was the principal employer of communication men. 
With post-war commercial exploitation of many now secret devel- 
opments, it is reasonable to expect the communication industries to 
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continue absorbing an important percentage of our future gradu- 
ates, and their educational needs will merit more careful considera- 
tion than they have received in the past. 


CLASSIFICATION OF CURRICULA 


Initially, it seemed that it should be easy to compile an average 
curriculum purely from catalog information. While there are 
strong similarities between most curricula, it soon was evident that 
course titles and descriptions often were too ambiguous for accu- 
rate classification. For example, a course might be entitled ‘‘ Elec- 
trical Problems’’ and described as ‘‘problems in electrical engi- 
neering.’’ Only one having personal knowledge of the school could 
tell that this actually meant A.C. Machinery Laboratory! 

To be fair to everyone, it appeared advisable to invite the indi- 
vidual schools to classify their curricula according to course con- 
tent, rather than course titles. The classifications used are ex- 
plained in appendix A, which is a copy of the instruction sheet 
accompanying the questionnaire submitted to the schools. The 
analyses have been based on only the work of the junior and senior 
years, plus elementary electrical courses given in the sophomore 
year. 
Since this study was intended to show the distribution of courses 
available to a student who knew he wished to prepare for communi- 
cation work, it was assumed that he would take all possible com- 
munication courses among his electives and take general theoretical 
courses, such as advanced physics or mathematics, for the balance 
of his electives unless this choice were specifically restricted in the 
catalog. This decision now appears to have been unfortunate be- 
cause few students ever can schedule all such courses listed. Some 
such courses may be barred by conflicts, may be given on alternate 
years, or may be withdrawn if elected by less than a certain mini- 
mum numbers of students. 

It probably would have been more useful to have based the 
analysis only on required courses; listing the time allotted to elec- 
tives, and the available communication electives, as separate classi- 
fications. From a brief study of catalogs it appears that, while 
most schools offer communications, slightly less than half have 
required courses for all students and these courses average about 
four semester hours. Smaller schools with required communications 
courses seldom offer communication electives, while larger schools 
with extensive communication options seldom have required com- 
munications courses for all students. 

Requests for classification of curricula were sent to half the 
schools accredited by E.C.P.D. in 1940. Twenty-nine schools sub- 
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mitted replies but only twenty of these had been prepared suffi- 
ciently in accordance with instructions to be used. In averaging, 
the individual classifications were first reduced to a percentage 
basis instead of semester or quarter hours. These figures were 
next weighted proportionally to the average number of graduates, 
averaged, and reduced to equivalent semester hours on the basis of 
a total of 75, corresponding to four semesters of eighteen hours 
with three semester hours for elementary E.E. in the sophomore 
year. This yielded the following result: 


TABLE 1 
Classification Sem. Hours 
2 Ss oe CRA SP ee ae ee 5.2 
2. General Theoretical....... REE Re S Cae 
B. Gale’ TOR so ss ha ew . 11.6 
i, een so oe oe. Sa Bee IE ot Soe ae eee 4.9 
§: Misc. Non-Electrisal. . --.. 00.04.00 Antti 
i, CN oo eee ey ae ef 
7. Elec. and Mag. Fields............... sce ee te oho 
8. Electrical Machinery... . i pata aes ION CR. 14.6 
D. Eee, Mee ot ae See 3.1 
80: TORE 5 a RS a ee 3.7 
Lt, Comat it is Sei ansss eocee aie sie 10.2 
12. Miscellaneous Electrical.......................-- 2.5 


It must be acknowledged that this system of classification is far 
from perfect and is based on data from too few schools. No two 
men might classify the same curriculum alike. However, it is be- 
lieved that the above averages are sufficiently accurate for the 
purposes of this paper. 


CoMMENTs ON Non-E.E. CLASSIFICATIONS 


It must be remembered that the above analysis is based upon 
the two final years while most of the English, history, mathematies, 
physies, and other courses of the first two classifications are given 
in the first two years. The general theoretical classification would 
be slightly lower if some electives had not been assigned to it for 
lack of sufficient communication courses. 

There naturally was some disagreement as to whether certain 
courses were principally general theoretical or applied non-E.E. 
but the distinction probably is not too important here. The major 
criticism of the applied courses is that few of them are nearly as 
useful to communication men as to the other engineers. Some 
schools place excessive emphasis on such courses as ‘‘ Engines and 
Boilers’’ and ‘‘ Fuels and Feedwaters’’ which are of importance to 
a small number of power men in steam generating stations but 
which merely exert a broadening influence on communication stu- 
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dents. Such courses might well be made electives for which com- 
munication students could substitute more physics, foreign lan- 
guage, or other less specialized courses. 


ELectric CIRCUITS 


This classification includes the ‘‘D.C. Circuits’’ part of the ele- 
mentary course, A.C. Circuits, Transmission Lines, and Transients, 
when required. The fact that the last two usually are electives 
partially explains the low total of 7.9 semester hours. Circuit 
theory is so important to the communication engineer that the above 
four courses will be discussed separately. 


D.C. Circuits ok ELEMENTARY E.E. 


The functions of this course seem to be (1) to provide a suitable 
transition between the treatment of electricity and magnetism of 
the Physics course and that needed for subsequent Electrical 
courses, (2) to show elementary applications of these fundamentals 
principles to all branches of electrical engineering so the student 
may appreciate the usefulness of otherwise abstract theory, and 
(3) to furnish sufficient practical knowledge of electric circuits to 
enable the student to start work in the laboratory. In addition, 
this course usually is relied upon for the major part of our electric 
and magnetic field theory. Most texts furnish an adequate intro- 
duction to fields but cannot be expected to carry this subject far 
enough to meet present communication needs. More will be said 
about this later. 

The chief objection to most elementary courses seems to be their 
over-emphasis of power applications and their failure to show that 
fundamentals have equally important communication applications. 
Some instructors do overcome this objection by injecting personal 
material but, on the average, most of us follow standard texts 
rather closely. Therefore, it seems that the most accurate picture 
of this situation may be obtained from an analysis of the most 
widely used texts. 

If this overemphasis of power does exist, it should be more 
apparent from an analysis of the problems than of the topic head- 
ings. Problems lend themselves most readily to statistical analy- 
sis. Furthermore, authors are apt to draw upon their own pro- 
fessional experience for problem material. Examples of this are 
familiar to all of us. 

The following system has been used in analyzing the problems 
in the most popular texts. Problems referring to power equip- 
ment, such as motor armatures, circuit breakers, etc., or to stand- 
ard power voltages or frequencies, have been placed in one group. 
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Problems referring to communication equipment or technique, such 
as telephone relays, audio amplifiers, Varley loop measurements, 
ete., have been grouped separately. All other problems have been 
classified as general, even though the magnitudes of the quantities 
involved show that they could not possibly illustrate communica- 
tion practices. In all doubtful cases problems have been classified 
as communication instead of general and general instead of power, 
to give the text the benefit of the doubt and reduce the possibility 
of personal bias. ‘‘Machinery’’ chapters of ‘‘Circuits and 
Machines’’ texts have been omitted on the assumption that this 
material would be covered in a separate course, though this is not 
always done. The results of this classification follow: 














TABLE 2 
Text No. Per Cent General] Per Cent Power | Per Cent Comm. Pwr./Comm. Ratio 

1 66.4 31.8 1.8 17.6 
2. 74.3 25.3 0.45 56.2 
3. 69.1 30.2 0.67 45.3 
4. 64.5 29.0 6.5 4.47 
4.(-1 Chap.) 64.6 31.2 4.2 7.39 

Average 68.6 29.6 1.78 16.6 

















Since the power to communication employment ratio is only 
2.4, it seems that the power to communication problem ratio should 
approach this same figure if we really wish to keep our training 
general. However the above ratios seem to indicate that most 
authors have scant interest in communication. One text yielded 
only a single communication problem, asking for the voltage in- 
duced in a plane’s trailing antenna cutting the earth’s magnetic 
field! Only text No. 4 approaches the employment ratio and a 
large portion of its communication problems are contained in a 
single chapter which often is omitted because its material is cov- 
ered in a subsequent course. Omission of this chapter raises the 
ratio to 7.39. 

It may seem that undue importance is being attached to this 
neglect of communication problems. It is true that a text may be 
perfectly general and adequate for all students without including 
any communication problems, or power problems either, but this 
is very unlikely. The importance of the problem ratio arises 
largely from the fact that students spend a major portion of their 
preparation time working assigned problems and are apt to read 
the text only to the extent necessary to be able to work these 
problems. 
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It is logical that a large percentage of the problems in an ele- 
mentary text should be ‘‘general,’’ rather than of an ‘‘applied’’ 
nature, because of the fundamental nature of the course and the 
students’ lack of engineering background. However, students seem 
most interested in those problems which show that apparently ab- 
stract theory ultimately may have a cash value. Use of such ‘‘ap- 
plied’’ problems is one of the best ways of making a course appear 
‘*practical’’ to the students without sacrificing its true fundamental 
character. These ‘‘applied’’ problems can be, and frequently are, 
used to introduce material beyond the normal scope of the text and 
of considerable subsequent value. Students often form their first 
definite impression of the field covered by electrical engineering 
from these ‘‘applied’’ problems in their introductory course. Cer- 
tainly we should try to make this first impression an accurate one. 


A.C. Circuits 


A similar analysis of the problems in modern A.C. Circuits texts 
is as follows: 














TABLE 3 
Text No. Per Cent General| Per Cent Power | Per Cent Comm. Pwr./Comm. Ratio 
5. 36.0 61.8 '--4 29.4 
6. 38.4 56.1 5.5 10.2 
. £ 22.9 76.0 1.1 69.0 
8. 25.5 71.8 2.7 26.0 
9. 38.0 49.7 123 | 4.05 
10. 38.1 48.8 13.1 3.74 
10.(-1 Chap.) 42.1 51.4 3.8 14.1 
} 
Average | 33.8 61.6 4.6 | 13.4 
| | 











Among A.C. texts, the power problems outweigh even the gen- 
eral problems. Text No. 10 seems to show the best P/C ratio but 
most of its communication problems are contained in a single chap- 
ter on a specialized communication topic. Many schools omit this 
chapter, raising the ratio from 3.74 to 14.1. This latter figure was 
used in obtaining the averages. Text No. 9 is a general ‘‘circuits’’ 
text with an interesting treatment of alternating currents. Its 
low P/C ration lacks significance because this text is not used by 
more than three schools. Thus, overemphasis of power applica- 
tions seems to exist as badly, if not worse, among A.C, texts as 
among the elementary D.C. texts. 

An even more serious objection to most A.C. texts is their fail- 
ure to lay deeper foundations in circuit theory than have been 
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found necessary for power engineering. It is not so easy to assign 
percentages to the power and communication coneepts discussed in 
a text. We can only suggest a few instances where many texts 
fall short of meeting communication needs. 

Most texts introduce the vector concept of A.C. circuits by 
some modification of the ‘‘symbolic’’ method, without an adequate 
mathematical foundation. Students are apt to lose sight of the 
fact that alternating currents, themselves, are not vectors but scalar 
functions of time. Our vector notation actually is a consequence 
of an old mathematical trick for abbreviating the solution for 
the particular integral of linear differential equations having sine 
or cosine functions for their right hand members. Instead of 
sinwt or coswt, we use a right hand member (voltage function) of 
the form, E,,e/”*, equal to the sum of a real cosine function and an 
imaginary sine function, and take the real part of the answer as 
corresponding to a cosine voltage and the imaginary part for a sine 
voltage. The student soon recognizes that he need only substitute 
jw for the differential operator, p, and a mysterious differential 
equation becomes merely E —1Z. Furthermore, he recognizes that 
it is just as useful to leave this answer in its complex form and 
use the vector symbol, E, as an abbreviation for E,»ei”*. This 
method furnishes a logical and mathematically rigorous approach to 
our complex impedance concept, sets the stage for the introduction 
of transients, and develops the familiarity with exponential nota- 
tion which is desirable for subsequent study of transmission lines. 

It does not seem necessary to develop technique in transient 
analysis in an elementary A.C. course but it is vitally important 
that communication engineers never forget that a transient is 
caused whenever a voltage is changed non-recurrently. They must 
never lose sight of the fact that a single-frequency steady-state 
analysis of a communication circuit may be very misleading. By 
using the differential equation approach to A.C. circuits it is easy 
to show at the start that there always must be a ‘‘complementary 
function’’ or force-free transient solution accompanying the steady- 
state solution. 

A study of non-sinusoidal waves is important to all electrical 
engineers, though for different reasons. Some texts devote con- 
siderable space to point by point methods of Fourier analysis. 
Such methods may be justified for determining the harmonics from 
an oscillogram of the exciting current of a transformer, but it is a 
tedious inefficient method of approximate integration which ob- 
secures the significant facts beneath pages of routine calculations. 
In practice, most of this work is done analytically or by means of 
electrical or mechanical analyzers. Anyone familiar with the basic 
principles of Fourier’s analysis can, if the need arises, look up a 
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point by point method in a handbook, or even set up his own 
method, but a working knowledge of such methods is a poor sub- 
stitute for basic theory when forced to dig through a paper involv- 
ing Fourier integrals, or even the use of Fourier’s series. 

Students with any intellectual curiosity are apt to ask, ‘‘ What 
is the justification for studying only the steady-state behavior of 
networks to single sinusoidal frequencies when all communication 
signals are not only non-sinusoidal but non-recurrent?’’ Few 
elementary A.C. texts make any attempt to answer this most nat- 
ural question, though its answer is of the greatest importance. A 
simple discussion of the Fourier integral concept accompanying the 
treatment of non-sinusoidal waves is sufficient to inject the first 
ideas of bandwidth. Such a discussion is given in Everitt’s ‘‘Com- 
munication Engineering’’ but belongs in the early chapters of all 
elementary A.C. texts where it cannot be dodged. 

All engineers are concerned with networks which are too com- 
plicated for analysis en toto and consequently are forced to adopt 
methods permitting a reasonably accurate study of one small part 
of a network independently of its other parts. The power engi- 
neer attempts to hold a constant voltage (or constant current) so 
that a change of load at one point will not affect other parts of 
the network. In effect, the terminals for load connection are made 
to approximate zero (or infinite) impedance generators. The com- 
munication engineer is more interested in cascade connected net- 
works than in the forked networks of power distribution and con- 
sequently uses vacuum tubes for isolation or matches impedances 
at each junction to prevent reflection of energy. All texts devote 
attention to ‘‘voltage regulation’’ but scant mention generally is 
made of the corresponding aspects of communication networks. 

All A.C. texts devote a large amount of space to three-phase 
circuits. Certainly this topic requires much space and is of great 
importance to power engineers. However, communication engi- 
neers have little application for three-phase circuits except in the 
high voltage rectifiers for large radio transmitters. All students 
should become familiar with the basic principles of three-phase 
circuits but we should recognize that that ‘‘symmetrical com- 
ponents’’ is just as specialized a power topic as many we exclude 
from elementary courses as being specialized communication topics. 
Some of the basic concepts of cascade connected networks surely 
cannot hurt power men. 

Transformers may be introduced in A.C. circuits but generally 
are treated most thoroughly under A.C. machinery. Communica- 
tion transformers present primarily a circuit problem so it is not 
surprising that they received inadequate treatment in the required 
courses. Lack of understanding of transformer behavior is a com- 
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mon difficulty of young communication engineers. It is true that 
all transformers depend upon flux linkages between two or more 
windings, but beyond that the practical approach may be much 
different. Power engineers are interested in voltage regulation, 
exciting current, efficiency, and temperature rise, while communi- 
cation engineers talk about frequency response, phase shift, selec- 
tivity, impedance ratio, ete. Communication transformers really 
present a broader subject than power transformers because their 
designs and applications are so varied. An ordinary radio re- 
ceiver may involve an aperiodic antenna transformer, a single tuned 
transformer for selective R.F. coupling, and oscillator transformer, 
several double tuned I.F. transformers possibly having band ex- 
pansion windings, a push-pull audio transformer, an output trans- 
former, and finally a power transformer for the heaters and high 
voltage rectifier. All of these transformers involve somewhat dif- 
ferent concepts and the literature on these transformers requires a 
broader preparation than that acquired from the study. of power 
transformers alone. 

Many other examples could be cited to show where A.C. Cir- 
cuits courses are inadequate because of overemphasis of its power 
aspects. Of course, there are many exceptions to these criticisms, 
and they do not all apply to any one text or school. Some recent 
texts show marked improvement and numerous schools recognize 
these deficiencies and have been making serious efforts to correct 
them. However, it is believed that these still are valid criticisms 
of too many courses. 


TRANSMISSION LINES 


It is more difficult to draw conclusions concerning the treatment 
of transmission lines because this subject is covered in such a 
variety of different ways. Most A.C. texts include a chapter or 
two on this subject but many schools omit this and give separate 
courses using different texts. A few rely on a communications 
course for the major treatment of long line theory. Some texts are 
primarily concerned with power transmission and distribution, 
while at least one text has been written from the telephone view- * 
point. Again, the chief trouble seems to be that too many of these 
texts and courses are not sufficiently general. 

Some texts seem more concerned with developing the ability to 
make transmission line calculations than in promoting a clear grasp 
of transmission phenomena. Our complex hyperbolic functions 
expedite calculations but tend to obscure the basic phenomena of 
reflection, time delay, and attenuation. It is the alternate addition 
and cancellation of these direct and reflected waves which produces 
the queer distribution of voltage and current along long lines, so 
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it seems that the subject should be developed from this viewpoint 
before introducing the hyperbolic functions. The transition to 
the hyperbolic notation should then be easy when the student rec- 
ognizes that the hyperbolic functions merely consist to two ex- 
ponential terms corresponding to direct and reflected components 
of the wave. 

Some texts start with equivalent circuit treatments of ‘‘short’’ 
and ‘‘medium’’ lines as an introduction to the more exact treat- 
ment of ‘‘long’’ lines. It is believed that this is a very inefficient 
process. These approximate treatments are of little value from 
the communication viewpoint and fail as an introduction to long 
lines because they do not bring out the reflection aspects of the 
phenomena. If we need a simplified introduction to lessen the 
shock of introducing hyperbolic functions of complex variables, 
why not start with non-dissipative lines? While such lines are of 
no practical interest to power engineers, they offer the simplest 
view of reflection phenomena and have many valuable applications 
in U.H.F. circuits and antenna systems. When attenuation is 
assumed to be negligible the direct and reflected voltages become 
Ewe—i8* and E,e+s8', After developing the more essential con- 
cepts with this notation these exponential functions of imaginary 
variables may be combined into simple sine and cosine functions, 
leading to line equations which are excellent prototypes for our hy- 
perbolic equations. After a thorough study of long lines and their 
equivalent circuits it should be possible to cover the short and 
medium line approximations in a fraction of the time otherwise 
required. 


Fretp THEORY 


The 3.4 hours of electric and magnetic fields may not appear too 
low until we remember that most schools do not require any field 
theory other than the meagre amount contained in Physics and the 
elementary electrical course. The reason for this probably is that, 
as engineers, we have found that we could handle most practical 
problems from the ‘‘cireuit’’ viewpoint, without resorting to field 
theory. In the communication field, however, the need for a better 
knowledge of field theory is becoming increasingly important. 

The most obvious application of field theory is found in the 
study of the propagation cf radio waves. Circuit theory will carry 
the waves up to the transmitting antenna, or from the receiving 
antenna to the loudspeaker, but it is the mechanism by which these 
waves leave the antenna and are propagated through space which 
is the very essence of radio communication. Many texts do a com- 
mendable job of treating propagation phenomena without mention- 
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ing Maxwell’s equations but the authors of technical papers are 
not so considerate. 

There are countless other communication applications of field 
theory, notably in electronics and in ultra-high frequency work. 
One of the strongest arguments for more extensive training in 
field theory is the need for showing the student that conventional 
circuit theory is merely a specialization of field theory which is 
valid only insofar as certain restrictions are satisfied. These re- 
strictions are satisfied so perfectly at power frequencies that they 
never need be considered. However, at ultra-high frequencies 
all exposed parts of a circuit may radiate energy, shield compart- 
ments may behave as cavity resonators, and a host of other per- 
plexing problems may arise. Most of these phenomena have a logi- 
eal explanation in terms of field theory. 

Everyone agrees upon the importance of emphasizing funda- 
mentals rather than specialized applications. Coulomb’s and 
Ampere’s laws are perhaps our most fundamental ‘‘fundamentals’’ 
because most of our other so called ‘‘fundamentals’’ can be devel- 
oped from these two laws by definition and straightforward mathe- 
matical reasoning. To be logical in our insistance upon funda- 
mentals we should start with these two laws as a basis for our 
development of field theory, which in turn would be the basis for 
the introduction of the cireuit concept. Such a sequence is fol- 
lowed in many physics courses in electricity and magnetism. 

One objection to this procedure in engineering courses is the 
sophomore’s lack of mathematical background. A more valid ob- 
jection seems to be the need for introducing the circuit concept 
at the earliest possible date in order to get laboratory work started 
and lay the preparation for subsequent circuits courses. Some 
field theory usually is included in the elementary course but it 
cannot be expected to delve deeply enough into fields and still give 
an adequate introduction to circuits. The only remedy seems to be 
a short but intensive fields course, preferably in the junior year. 
Such a course should make sufficient use of vector notation that our 
graduates will not define vector analysis as ‘‘the process of analyz- 
ing A.C. circuits by means of vector diagrams’’! 


ELECTRICAL MACHINERY 


The most strenuous objection of communication men to present 
electrical curricula is the disproportionate amount of time devoted 
to electrical machinery. All electrical students are required to 
devote an average of 14.6 semester hours to machinery, though 
communication men have less application for a knowledge of this 
subject than mechanical or civil engineers. In contrast to this, 
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less than four hours of Electronics is required, though electron 
tubes are the ‘‘machines’’ of the communication engineer. Com- 
munication men would benefit from a brief survey of electrical 
machinery, similar to that now offered non-electrical students, and 
it seems that power men would benefit equally from a similar 
survey of the communication field. 

Some schools still give D.C.‘machinery as their sophomore in- 
troductory course, reasoning that this subject offers the best ap- 
plications of D.C. circuits and magnetic fields, and is essential 
preparation for junior courses in A.C. machinery. D.C. machines 
do offer useful examples of magnetic circuits, but telegraph sound- 
ers, dynamic speaker fields, telephone relays, and filter chokes also 
offer good magnetic circuit applications in the communication 
field. Certainly we must admit that armature windings, windage 
losses, commutation problems, and standard performance tests 
are as highly specialized aspects of the power field as many com- 
munication topics now confined to technical electives or graduate 
eourses. If electrical machinery is a truly general subject, of 
equal importance to all students, it seems that it should cover com- 
munication ‘‘machinery’’ as well as power machinery. If dynamic 
microphones, communication transformers, and machine switching 
systems are not fit topics for such a course its title should be changed 
to ‘‘Power Machinery’”’ and it should no longer be considered as a 
truly general subject. 

If most of the present machinery courses were made technical 
electives, sufficient time could be cleared to remedy present defi- 
ciencies in field theory, A.C. circuits, and electronics. Communi- 
eation engineers need some knowledge of power machinery, but 
hardly fifteen semester hours of it! It is suggested that the re- 
quired portion of the machinery courses be cut to four or five hours. 


ELECTRICAL MEASUREMENTS 


The 3.1 semester hours devoted to electrical measurements seems 
nearly adequate and many schools are offering well balanced 
courses. Communication men need extensive work on impedance 
measurements at high frequencies with typical impedance bridge 
circuits, Q-meter, slotted line, twin-T null methods, ete. They 
need to acquire technique with the standard signal generator, 
cathode ray oscilloscope, harmonic analyzer, transmission measur- 
ing equipment, field strength meter, and similar communication 
instruments. Much of this work can be included in the communi- 
cation course but there are many interesting communication meas- 
urements which can well be used to balance out a measurements 


course. 
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ELECTRONICS 


Electronies still seems to consitute one of the weak links in most 
curricula. It is the youngest of our required electrical courses, 
though electron tubes have been an indispensable tool to the com- 
munication engineer for the past thirty years. It is significant 
that electronics did not find extensive application in the power 
field, except in mercury are rectifiers, until within the past fifteen 
years and few schools have had required courses in Electronics for 
more than that length of time. Many schools feel it necessary to 
emphasize the industrial applications of electronics, as if it other- 
wise would be a communication course. 

There inevitably is a close bond between electronics and com- 
munication. At many schools both courses are taught by the same 
man. Correspondence has indicated that some schools regard 
electronics as a communication course and rely upon it to inject 
power students with some of the communication viewpoint. Al- 
ready, electronics probably is the most overburdened course in our 
curricula without placing this additional demand on it. 

Much of the trouble students experience with Electronics may 
be attributed to the way we must crowd a host of new and seemingly 
unrelated concepts into a single three or four semester hour course. 
Practically all other electrical courses are based upon a very few 
fundamental principles which are developed in a sufficiently leis- 
urely manner for the student to correlate them. In Electronics, 
we may start with an orgy of modern physics associated with elec- 
tron emission and space charge flow, introduce a host of new 
symbols for our discussion of the characteristics of diodes, tri- 
odes, tetrodes, pentodes, heptodes, etc., rush through an inadequate 
treatment of the application of these tubes in amplifiers, oscilla- 
tors, modulators, detectors, measuring circuits, ete., jump to pho- 
tocells with new concepts of electron emission, then to cathode ray 
tubes and a smattering of electron optics, give passing mention to 
micro-ray electronics, and end by spending most of the time on 
the industrial applications of hot and cold cathode gas tubes! Asa 
result, much of the time allotted to Communications must be de- 
voted to patching up material which supposedly should be covered 
in Electronics. 

Another factor which must be considered is that many of our 
concepts of electronics are changing and expanding very rapidly, 
just as they did during the last war, and many topics which we 
now pass over lightly soon will assume unusual importance. Many 
of our graduates now entering wartime communication work are 
coming in contact with electronic equipment which involve prin- 
ciples they have never heard of. This condition may continue after 
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the war unless we are prepared to re-organize our treatment of 
Electronics. 

In view of these deficiencies, eight semester hours seems the 
minimum time which communication men should be required to de- 
vote to Electronics if they are to obtain a sufficient knowledge of 
this subject to begin to follow its progress in the literature. This 
time might consist of two semesters of four hours each in the junior 
year; the first semester being a general ‘‘three plus three’’ course 
for all students, with the usual emphasis on industrial applications, 
and the second semester being a ‘‘two plus six’’ with more exten- 
sive laboratory practice in communication electronies including 
U.H.F. and television applications. 


COMMUNICATION COURSES 


It might seem that the ten semester hours of communications 
shown in the curricula classification should be entirely adequate. 
Doubtless it would be if this time could be devoted entirely to 
communications without having to spend so much of it on elemen- 
tary circuit theory, field theory, and electronics. Furthermore, it 
has been shown earlier that most students are not able to schedule 
this many hours because this was a maximum possible figure. 

If ten semester hours are available, with an adequate elemen- 
tary preparation, one or two semester hours might be devoted to a 
required course surveying the entire communication field; its basic 
problems, viewpoints, and opportunities. Such a course should 
be helpful to power men and might even serve to discourage a 
few less ambitious communication men! Better still, this material 
might be injected gradually through a number of elementary 
courses, along with our early picture of the power field, to avoid 
too early an appearance of a sharp distinction between these fields. 

Unless necessitated by small enrollment, it does not seem ad- 
visable to place all communication courses on a required basis. 
Men seriously interested in communication usually constitute a 
minority and their progress may be hampered when the majority 
of a class have their major interests elsewhere. 

The communication field is so surpsisingly broad that communi- 
cation electives need not be as highly specialized and occupation- 
ally restricted as is often imagined. The field does tend to divide 
itself into two major classifications, wire communication and radio 
communication, but the distinction is not too sharp. Wire com- 
munication includes telephony, telegraphy, submarine cable work, 
wire picture transmission, sound engineering, geophysical survey- 
ing, ete., while the radio field includes radio telegraphy, broad- 
casting, television, frequency modulation, direction finding, ete. 
Most radio applications involve wire technique in terminal equip- 
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ment, while some wire systems involve radio principles. Broad- 
cast studios are connected to their transmitters by wire lines, with 
amplifiers, equalizers, attenuators, ete. Carrier telegraphy and 
telephony involve radio techniques, while some radio circuits 
operate on lower frequencies than some used for carrier telephony. 

Since there is such an overlap between wire and radio communi- 
cation, it does not seem advisable to draw a sharp distinction be- 
tween them in our communication electives, by permitting a stu- 
dent to specialize in radio to the exclusion of wire communication 
or vice versa. The student should understand the reasons for this 
before time for the electives. 

There is little need to comment on what a communication elec- 
tive should inelude. Given eight or ten semester hours and stu- 
dents with adequate preparation, any good communication teacher 
can organize a course capable of producing superior results. Good 
texts are available and better ones will doubtless appear when it 
becomes practical to use them. Regardless of texts, liberal use’ 
should be made of assignments from current technical literature 
since such literature will be the text most used subsequent to 
graduation. 


MISCELLANEOUS ELECTRICAL COURSES 


Little need be said about most of these as they represent a 
small portion of the total time and constitute required courses in 
illumination, and similar specialized subjects not fitting the previ- 
ous classifications, and also seminar and the undergraduate thesis. 
Few schools still require theses because of administrative, space, 
and equipment requirements and it is questionable whether all 
students benefit from thesis work. However, a properly guided 
thesis still seems the best means of discovering and developing re- 
search ability in undergraduates. 


RESULTS OF CORRESPONDENCE 


The additional information obtained from correspondence and 
discussion with educators and engineers is less susceptible to sta- 
tistical analysis than the foregoing data on curricula, ete. The 
use of questionnaires was considered but discarded because too 
many land in waste baskets. Furthermore, it seemed more desir- 
able to obtain spontaneous reactions and statements of policy which 
might not otherwise have been uncovered by specific questions. 
Personal letters were sent to the department heads or deans of those 
accredited schools which had not been asked for curricula classi- 
fications. These letters called attention to the tendency in former 
years to overstress the power aspects of electrical engineering and 
asked what was now being done to secure a better balance between 
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power and communication training. The response to these letters 
was better than to the requests for classifications of curricula. 

As anticipated, the replies expressed many interesting and 
widely different viewpoints, but there also were marked similari- 
ties which permitted grouping of most replies. Almost all agreed 
that undergraduate training should emphasize the basic aspects of 
electrical engineering and avoid excessive specialization. <A large 
number of schools recognized the tendency toward overemphasis 
of power and are attempting to correct this situation in different 
ways, while some schools seem satisfied with their electrical cur- 
ricula leaning toward power specialization. Some men were en- 
couragingly outspoken in their belief that more of the communi- 
cation viewpoint was needed in our required courses. Some 
schools frown on electives, especially communication electives, while 
others offer elaborate communication options, often with little ap- 
parent attempt to balance the required courses. Several schools 
are abbreviating the time devoted to required machinery courses. 
Others are strengthening A.C. circuits or using a transition course 
in ‘‘Communication Circuits’’ to improve the preparation in cir- 
cuit theory. It was surprising to learn that a number of schools 
regard Electronics as a communications course and rely upon it 
for much of the communication viewpoint. It is unfortunate that 
space does not permit the inclusion of numerous interesting quota- 
tions from these letters. 


OPINIONS OF COMMNICATION ENGINEERS 


No such extensive correspondence survey has been made of the 
opinions of practicing communication engineers but opinions have 
been obtained whenever possible through conversation. Most of 
these opinions have been embodied in the previous discussion of 
courses but a few additional items need comment. A large per- 
centage of the men doing communication research and development 
have been trained as physicists and many excellent engineers still 
are not college graduates. It is certain that electrical engineering 
training, as we have thought of it in the past, is not essential to 
success in communication research. Some even feel it is not de- 
sirable. A physicist entering communication may be slightly 
handicapped at first by lack of specialized technical knowledge but 
his superior grasp of fundamentals usually pays dividends in a 
few years. 

Most men agree that communication training can and should 
be improved. Some favor separate curricula in communication 
engineering with greater specialization, while others favor more 
thorough basic training with less specialization, particularly in 
power applications. Practically all communication engineers agree 
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that men trained for four years primarily for power engineering 
cannot be converted into good communication engineers merely by 
exposure to a course in ‘‘Ultra-High Frequency Technique.”’ 

The statement that ‘‘specialized communication training should 
be confined to graduate courses’’ strikes a discordant note with 
many communication engineers who have taken advanced degrees. 
They agree with this statement in principle, but not in practice. 
It too often develops that most of the first graduate years must be 
devoted to broadening the foundations in circuit theory, field 
theory, and electronics, with scant time left for truly ‘‘specialized’’ 
topics. Even more advanced courses often devote excessive time 
to reviewing Fourier’s Series and similar topics. A course called 
‘*Radio Receiver Design’’ may degenerate into an extended treat- 
ment of tuned coupled circuit theory, with slight time left for 
consideration of converter efficiency, diode detection, A.V.C. sys- 
tems and other specialized aspects of the subject which the student 
hoped to master. After such experiences, a man cannot be blamed 
for wishing that he might have swapped some of his required under- 
graduate training in armature winding and flue gas analysis for 
sufficient basic training to permit graduate specialization. 

Most communication employers agree that a broad knowledge 
of basic theory is more desirable in a young engineer than an exten- 
sive knowledge of specific communication practices. The telephone 
companies generally do not expect, nor desire, to hire graduates 
trained in the design, selection, installation, and maintenance of 
telephone equipment. They prefer men with sound basic training 
and find that such men ean learn specific practices more quickly 
and thoroughly on the job than in college. Power employers may 
be different, but this is questionable. 


How Mucu Power SPECIALIZATION Is JUSTIFIED? 


The principal argument always advanced in support of strong 
emphasis on power engineering in required courses is the greater 
probability of a student finding employment in the power field. 
This argument had great justification back in the days when the 
telephone industry was almost the sole employer of communication 
men and hired less than ten per cent of our graduates. Somewhat 
greater attention to power than to communication still is justified 
because there were 2.4 times as many graduates employed in the 
power field as in the communication field, just before the present 
war. However, communication has become such a broad field, with 
such diversified employment opportunities, that a man no longer 
need be forced into power employment just because he is not ac- 
ceptable to the telephone company. Furthermore, if we agree 
that a sound basic background is of greater value to a young com- 
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munication engineer than a knowledge of specialized communica- 
tion practices, is it likely that communication training would seri- 
ously handicap a man entering the power field? Is not the study 
of the behavior of networks to non-recurrent, non-sinusoidal waves 
more general than a study of their behavior at one constant fre- 
quency ? 

A common justification for the large percentage of power prob- 
lems in texts is that such problems offer the most common and 
familiar applications. This, also, might have been true twenty 
years ago but today more of our sophomores have a knowledge of 
amateur radio than of D.C. machinery. The application of Ohm’s 
law to the voltage divider in a receiver would sound much more 
familiar to most students than its application to a field rheostat. Is 
it not possible that these power problems are more familiar to us 
than the students? 

Some schools in certain sections of the country do have greater 
difficulty placing their graduates in communication employment. 
Such schools probably are justified in neglecting communication 
for greater power specialization, but this fact should be brought to 
the prospective student’s attention. If a prospective student has 
decided that he would like to ‘‘study radio,’’ regardless of his rea- 
sons or aptitudes, it does not seem fair to lead him to believe he 
will receive the training he expects when we intend to train him 
for power employment. 


CONCLUSIONS 


It is believed that sufficient data have been presented, from 
analysis of employment, curricula, textbook problems, and corre- 
spondence, to prove that there still exists a strong tendency toward 
overemphasis of the power aspects of Electrical Engineering and 
that a broadening and strengthening of our elementary electrical 
courses, at the expense of some power specialization, would im- 
prove our graduate’s prospects for success in the communication 
field. Many schools appear to be moving in this direction, and 
this movement probably will be accelerated by our wartime experi- 
ences with communicating training. 

The communication deficiencies of elementary texts are being 
overcome in some of the newer editions and instructors are correct- 
ing these deficiencies by lecture notes, additional problems, and 
other means. Better texts will doubtless appear as the need for 
them becomes more generally recognized. 

Separate undergraduate curricula in Communication Engineer- 
ing do not appear necessary nor desirable if the present tendency 
toward broadening of the elementary courses and reduction of re- 
quired power specialization continues, 
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The best yardstick for measuring the effectiveness of communi- 
cation training appears to be a comparison of our graduate’s abil- 
ity to digest current technical literature in the communication and 
power fields. Any means of reducing the gap between the level of 
an engineer’s training and the level of the technical literature of 
his profession will improve his prospects for professional develop- 
ment. 

E.S.M.W.T. courses and similar accelerated communication pro- 
grams are doing much to meet our immediate shortage of com- 
munication men, but must be regarded as emergency measures. 
The recommendations contained in this paper are more of a long- 
term nature, for the benefit of our present Juniors and students in 
the reconstruction period to come. 


Appendix A 
INSTRUCTIONS ACCOMPANYING QUESTIONNAIRES 


GENERAL INFORMATION 


The following classifications represent an attempt to break down 
the final two years of the electrical curricula according to basic 
subject matter, rather than actual course titles. Assume that the 
student chooses all possible technical options in the communication 
field and all possible non-electrical options in the General Theo- 
retical classification (Math., etc.). For five years curricula leading 
to the Master’s degree, neglect the final year. Five year curricula 
leading to the B.S. degree, such as codperative courses, should be 
treated on the basis of equivalent four year curricula. 


CouRSE CLASSIFICATIONS 


1. Cultural Courses. This classification should include all jun- 
ior and senior non-technical courses given primarily to improve the 
students’ cultural background. Examples of such courses would 
be English, history, religion, ete. 

2. General Theoretical courses should include mathematies, 
physies (other than electrical measurements), thermodynamics 
(other than that devoted exclusively to steam), mechanics, fluid 
mechanies, etc. 

3. Applied Non-Electrical Courses are considered as those which 
are applicable primarily to a specific field of non-electrical engi- 
neering. Examples would include heat engines, ‘‘wet’’ hydraulics, 
M.E. lab., mechanisms, strength of materials, etc. 

4. Business Courses would include such topics as economics, 
business administration contracts and specifications, cost account- 
ing, business law, etc. 
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5. Miscellaneous Non-Electrical Courses would include physical 
education, military training, shop practice, and other courses which 
do not fit the above classifications. 

6. Electric Circuits should include D.C. circuits, even though 
taught in the sophomore year. It should also include the ‘‘cir- 
cuits’’ portions of transmission lines and any similar courses, but 
should exclude those phases of electric circuit theory taught in com- 
munication courses and applicable primarily to communication 
work. 

7. Electric and Magnetic Fields may include this phase of the 
elementary electrical course, even though taught in the sophomore 
year. It may also inelude parts of subsequent courses, such as 
design, but should not include applications of field theory to elec- 
trical machinery (1.e., magnetic circuits of machines). 

8. Electrical Machinery. D.C. and A.C. machinery, including 
transformers. May also include part of design or problem course 
dealing with machinery. 

9. Electrical Measurements may include parts of other courses 
but should exclude distinctly communication measurements (radio 
frequency, etc.). 

10. Electronics may include those portions of subsequent com- 
munication courses which deal with the fundamentals of electronics, 
rather than distinctly communication applications. 

11. Communication Courses include communication circuit 
theory, telephony, radio, ete., as well as any appropriate portions 
of prior courses. 

12. Miscellaneous Electrical Courses should include those eleec- 
trical courses not fitting the above classifications. For example, 
illumination, thesis, seminar, etc. 


OTHER INFORMATION 


13. Average Size of Graduating Class during the past five years. 
This information will be used in obtaining a weighted average of the 
curricula. 

14. Employment. This information is to determine the relative 
percentage of graduates entering the communication and power 
branches of electrical engineering, as well as the percentage of 
those who fail to follow their profession. All occupations based 
primarily upon communication technique, such as geophysics, sound 
recording, etc., should be classed as communication. Other work, 
involving commercial power frequencies and power technique 
should be classed as power. It should not be necessary to check 
personnel records in answering this question as an accuracy of five 
or ten per cent will be adequate. 
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ENGINEERING ECONOMY NOTES 


Engineering economy is that phase of engineering which pertains to the 
specifically advantageous use of dollars and cents in engineering works. 


By EDMUND D. AYRES 
Acting Editor, The Ohio State University 


Tue Curious PLIGHT oF ENGINEERING Economy 


Engineering economy is in a curious plight. First it was defini- 
tion—after the clarifying struggle staged in the Engineering 
Economy Page a few years ago, some of us feel that we can pretty 
well defend the term engineering economy against any and all com- 
peting names for this distinct corner of the engineering field. But 
now it is agreement upon what should be considered the best in 
thought and practice in the field of engineering economy that is 
needed to rescue our subject from confusion—a confusion that evi- 
dently is taken as a normal background. Worse than that, it is 
evidently a confusion which is neither perceived nor acknowledged 
by most of us. We take our engineering economy like we do our 
politics and religion—somehow our private brand satisfies. 

I was quite pleased with my private brand until my experience 
with the subject unfolded. It is not that we are all steeped in 
error although occasionally there is evidence of a little of that. 
Let us take just one little tiny corner of our field to demonstrate a 
matter that is so commonplace that we have just accepted it without 
worrying at all about what our colleagues and engineers in prac- 
tice are doing with it. The difficulties to be pointed out appear in 
the non-controversial part of our work. These same difficulties 
together with others pervade much of the entire field we cultivate 
every time we teach a class or work out a problem in economic se- 
leetion. 

Let us consider a problem with revenue and expense data avail- 
able and the simple requirement for an arithmetical answer. Not 
so long ago a close friend of mine, a president of a prominent engi- 
neering society and a recognized consulting engineer of wide ex- 
perience, stumped the nation to bring to his colleagues a bit of eco- 
nomic gospel couched in terms of a profit on the employment of an 
engineering device expressed as a per cent yield over and above a 
6 per cent satisfaction interest on the investment involved. He 
presented his thesis without even drawing one’s attention to the 
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method—evidently he took it for granted that return on investment 
is always expressed so—he seemed violently prejudiced against any 
compound interest being involved. There are many others opposed 
to compound interest, that is to sinking fund depreciation caleula- 
tions for studies made for business units practicing straight line or 
retirement principles in their accounting. Yet some of our best 
textbooks condemn roundly the practice of computing return on a 
fixed investment when straight line depreciation is involved. An 
average investment or interest method is recommended by one of 
our engineering economy authorities when straight line deprecia- 
tion is used. Practically all of our textbook writers insist upon 
compound interest caleculations—either sinking fund depreciation 
at a nominal rate of interest or sinking fund depreciation at a rate 
equal to the rate of return. This makes about five methods for the 
solution of the simplest problem with which we are confronted. It 
is not that all are not correct—but nowhere do we find much guid- 
ance as to the best thought as to when each method is applicable 
—they all give different answers and those that propose these meth- 
ods seem to cry for universal application of their favorite to the 
exclusion of the others. This state of affairs exists in a relatively 
non-controversial area of our work—even more confusing situa- 
tions occur in some other parts of our field—for instance, what 
constitutes a satisfactory investment in a device to be used by a 
regulated industry like a public utility? 

Space does not permit a very broad treatment of the general 
picture suggested by the above. Nevertheless it is not so much the 
strange situations which are part and parcel of our theory and 
practice—it is the curious confidence we all have that what we 
teach and do in practice is beyond reproach—why should we not 
be trying zealously to bring order out of such confusion—it seems 
to me that engineering economy is in a curious plight. Plans for 
codperative struggle to rescue it should be one of the prime duties 
of the post war period. 
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Agricultural & Mechanical College of Texas 


DRAWING DIVISION PROGRAM OF S. P. E. E., 
51ST ANNUAL MEETING 


FRIDAY, JUNE 18TH 
7:00 P.M. Drawing Division Dinner—Speaker to be announced. 


SATURDAY, JUNE 19TH 


12:30 P.M. Luncheon—Business meeting. 
2:00 P.M. 1. Teaching Production Illustration, by C. H. Springer, Univer- 
sity of Illinois. 
2. A New Exact Method of Axonometric Production, by R. P. 
Hoelscher, University of Illinois. 
3. Report of Committee on Graphic Talents, by Clair V. Mann, 
Missouri School of Mines and Metallurgy. 
4. Other Committee Reports. 


Visual education affords an excellent opportunity for instruction in the 
teaching of engineering drawing, particularly in the use of instruments, testing 
of drawing instruments, pointing out the peculiar characteristics of engineer- 
ing letters; and the combining of letters into words, shop processes, etc. There 
are a number of advantages in using moving pictures: (1) They give the stu- 
dents an insight into industrial practices in a few minutes which would take 
several hours to get if an inspection trip was conducted, thereby saving time 
that the students can profitably use in the crowded curricula of today; (2) a 
subject like the use of instruments can be covered much more thoroughly in 
less time with a good moving picture than by demonstration by the instructor ; 
(3) seeing a picture is a very effective means of demonstrating correct use of 
instruments that is difficult to demonstrate on the blackboard and if the stu- 
dents gather around the instructor at a desk many of them can not see the 
demonstration well, and lose interest. 

Although visual education definitely has its place in the teaching of engi- 
neering drawing the lecture-conference-demonstration period is very important 
and an effective means of explaining the theory of drawing to students. Since 
engineering drawing is a basic subject for engineers, sufficient time should be 
allowed for this important fundamental subject. It requires one hour of lee- 
ture and six hours of practice per week for two semesters to cover the material 
that industry requires the engineering graduate to know in this mechanical 
age. After completing the two semesters of freshman engineering drawing 
the student should take a semester of engineering descriptive gometry as ap- 
plied to industry and a semester of machine drawing to be thoroughly grounded 
in the fundamentals of drawing. Much lettering should be included in all the 
above courses. 
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SECTIONS AND BRANCHES 


The officers of the Colorado School of Mines Branch are as fol- 
lows: R. A. Baxter, Chairman; W. M. Richtmann, Vice Chairman; 
E. G. Fisher, Secretary. 

The officers of the Ilinois-Indiana Section are: P. E. Mohn, 
Chairman, University of Illinois; W. M. Lansford, Secretary-Treas- 
urer, University of Illinois; C. Wischmeyer, Rose Polytechnic Insti- 
tute; J. C. Peebles, Illinois Institute of Technology; W. W. Turner, 
University of Notre Dame; C. L. Lovell, Purdue University; R. G. 
Bigelow, Northwestern University ; G. A. Maney, Northwestern Uni- 
versity ; J. C. Peebles, Member of Nominating Committee, Illinois 
Institute of Technology. 


NEW YORK PROVIDES FOR ENGINEERS-IN- 
TRAINING 


One hurdle for engineers seeking licenses to practice in New 
York State has been lowered through a change in the regulations 
of the Commissioner of Education which permit qualified graduates 
of registered colleges of engineering to take their examination in 
two sections, the first, dealing with theory as soon as they are grad- 
uated ; the second, dealing with practice, after completion of four 
years of satisfactory experience. Heretofore, applicants for engi- 
neering licenses were permitted to take both parts of the examina- 
tion only after completing the four-year minimum experience 
requirement. 

The amendments to the Commissioner’s regulations establish 
preliminary examinations for engineers-in-training. These are 
open to graduates of registered colleges of engineering upon sub- 
mitting evidence that they meet the requirements as to age, citizen- 
ship, secondary education and endorsement. There are two parts 
to this section of the examinations. 

The final examination is available to applicants who have dem- 
onstrated sufficient experience in their own particular lines of engi- 
neering, through at least four years of practice. 

This change was made after a thorough study by the State Edu- 
cation Department of requests by professional groups to permit 
the young engineering graduate to try the preliminary examinations 
immediately after completing his college course, while his knowl- 
edge of theory was still fresh. The change in the examinations 
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was approved by the New York State Board of Examiners of Pro- 
fessional Engineers and Land Surveyors, and the Board of Regents. 


COLLEGE NOTES 


James R. Killian, Jr., has been appointed executive vice-presi- 
dent of the Massachusetts Institute of Technology. Mr. Killian 
has been executive assistant to the president since January, 1939, 
and takes over his new post on July Ist. Before joining the staff 
of the president in 1939, Mr. Killian had been associated for thirteen 
years with the publication of the Technology Review, of which he 
became editor in 1930. 


NEW MEMBERS 


ANDREWS, ANDREW I., Professor and Head, Dept. of Ceramic Engineering, 
University of Illinois, Urbana, Ill. M. L. Enger, R. P. Hoelscher. 

BAKER, RALPH A., Sales Manager, Standard Aircraft Workers’ Manual, 
Fletcher Aircraft, P.O. Box 1172, Hollywood, Calif. J. 8. Thompson, F. 
L. Bishop. 

BAMFORTH, FREDERIC R., Professor of Mathematics, The Ohio State University, 
Columbus, Ohio. C. E. MaeQuigg, W. D. Turnbull. 

BELL, NokMAN R., Instructor in Electrical Engineering, Cornell University, 
Ithaca, N. Y. W. A. Lewis, P. H. Black. 

BerG, HarouD, Assistant Professor of Civil Engineering, Southern Methodist 
University, Dallas, Texas. Sophus Thompson, I. W. Santry. 

BLAKELEY, JAMES E., Director, Embry-Riddle School of Aviation, P.O. Box 
668, Miami, Fla. F. L. Bishop, Neil McKenry. 

BoGuSLAVSKY, Boris, Associate Professor of Structural Engineering, Univer- 
sity of Akron, Akron, Ohio. F. E. Ayer, C. R. Upp. 

Espy, WituiaAM N., Professor of Mechanical Engineering, University of Illi- 
nois, Urbana, Ill. R. P. Hoelscher, M. L. Enger. 

EvusBaNKS, Irvine §S., Assistant Professor of Civil Engineering, The Citadel, 
Charleston, 8. C. H. G. Haynes, L. 8. LeTellier. 

Frye, JoHn H., Assistant Professor of Metallurgical Engineering, Lehigh 
University, Bethlehem, Pa. Hale Sutherland, A. C. Callen. 

GALLAGHER, Rosert T., Assistant Professor of Mining Engineering, Lehigh 
University, Bethlehem, Pa.,Hale Sutherland, A. C. Callen. 

GoMBERG, HENRY J., Instructor in Electrical Engineering, University of Michi- 
gan, Ann Arbor, Mich. H. H. Higbie, B. F. Bailey. 

HaMMONS, Wo. M., Assistant to Dean, University of Louisville, Louisville, Ky. 
F. L. Wilkinson, R. C. Ernst. 

Hupson, CHAruEs A., Instructor, Gr. 2, Sve. School, U.S.N.T.S., Great Lakes, 
Il. F. L. Bishop, Nell MeKenry. 

HurRSH, RALPH K., Professor of Ceramic Engineering, University of Illinois, 
Urbana, Ill. M. L. Enger, R. P. Hoelscher. 

IpPEN, ARTHUR T., Assistant Professor of Civil Engineering, Lehigh Univer- 
sity, Bethlehem, Pa. Hale Sutherland, C. C. Williams. 

IVERSEN, HarotD W., Instructor in Mechanical Engineering, University of 
California, Berkeley, Calif. L. M. K. Boelter, E. F. Murphy. 
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KELLER, EpwarD L., Director of Engineering Extension, The Pennsylvania 
State College, State College, Pa. C. E. Bullinger, H. P. Hammond. 

Key, JoHuN C., Assistant Professor of Civil Engineering, The Citadel, Charles- 
ton, S.C. H. G. Haynes, L. 8. LeTellier. 

KIMBERLY, EMERSON E., Professor of Electrical Engineering, The Ohio State 
University, Columbus, Ohio. E. D. Ayres, E. E. Dreese. 

LOEWNER, CHARLES, Assistant Professor of Mathematics, University of Louis- 
ville, Louisville, Ky. F. L. Wilkinson, R. C. Ernst. 

McCuune, JAMES D., Instructor in Engineering Drawing, Alabama Polytechnic 
Institute, Auburn, Ala. A. L. Thomas, L. M. Sahag. 

McC.uuRE, JOHN A., Professor of Industrial Management, University of Akron, 
Akron, Ohio. F. E. Ayer, F. 8. Griffin. 

McCoLLum, ARTHUR R., Teacher in Drawing, Florida A. and M. College, Talla- 
hassee, Fla. O. A. Olson, F. C. Miller. 

McNeEar, WILLIAM F., Instructor in Machine Design, Stevens Institute of 
Technology, Hoboken, N. J. M. R. Reeks, W. R. Halliday. 

MONTROSE, Kar D., Instructor in Chemical Engineering, University of Denver, 
Denver, Colo. Arnold Benson, C. M. Knudson. 

NELSON, WILBUR C., Professor and Head, Dept. Aeronautical Engineering, 
Iowa State College, Ames, Iowa. C. M. Dodd, T. R. Agg. 

Norris, Bos, Assistant Professor of Electrical Engineering, Alabama Poly- 
technic Institute, Auburn, Ala. J. W. Hannum, R. G. Pitts. 

OnuF, Bronis R., Instructor in Mechanical Engineering, University of Con- 
necticut, Storrs, Conn. C. H. Coogan, Harry Sohon. 

OXNARD, Horace W., Instructor in Engineering, Ricker Classical Institute and 
Junior College, Houlton, Maine. F. L. Putnam, F. L. Bishop. 

PAUL, EDWIN W., Instructor in Engineering Drawing, University of Louisville, 
Louisville, Ky. H. H. Fenwick, F. L. Wilkinson. 

PETTIS, CHARLES R., in charge Engineer ROTC, The Ohio State University, 
Columbus, Ohio. C. E. MacQuigg, W. D. Turnbull. 

SHUMAKER, CLIFFORD H., Associate Professor of Mechanical Engineering, 
Southern Methodist University, Dallas, Texas. R. M. Matson, E. H. Flath. 

TARBOUX, JOSEPH G., Professor of Electrical Engineering, University of Ten- 
nessee, Knoxville, Tenn. N. W. Dougherty, R. W. Morton. 

TAYLOR, Kart V., Assistant Professor of Civil Engineering, The Citadel, 
Charleston, 8. C. John Anderson, H. G. Haynes. 

TopPinag, ALANSON D., Instructor in Mechanics, Missouri School of Mines, 
Rolla, Mo. P. L. Vander Velde, M. D. Livingood. 

WATSON, KENNETH M., Professor of Chemical Engineering, University of Wis- 
econsin, Madison, Wis. O. A. Hougen, R. A. Ragatz. 

ZILLY, Ropert G., Instructor in General Engineering Drawing, University of 
Illinois, Urbana, Ill. R. P. Hoelscher, H. H. Jordan. 

337 individual members + 1 institutional added this year. 








THE FIFTIETH ANNIVERSARY 
By HENRY T. HEALD, President 


The fiftieth anniversary meeting of the Society for the Promotion 
of Engineering Education is to be held in Chicago, June 18-20, 1943. 
Founded in 1893 as an outgrowth of the Engineering Congress held 
in connection with the World’s Columbian Exposition, the Society 
has played an increasingly important role in the growth and de- 
velopment of engineering education during the last half century. 
Its continuing service to the profession has been reflected in a steady 
increase in membership. Through the years, leading figures in 
engineering education have given generously of their time and ener- 
gies to further the objectives of the Society, and their splendid work 
has made it possible to carry on a very effective program with a 
modest budget. 

1943 finds the country engaged in total war, the impact of which 
has fallen heavily on the engineering colleges. Many special prob- 
lems incident to the development and operation of war training pro- 
grams are of vital concern to engineering educators. This makes it 
doubly important that an annual meeting be held in 1943. It is 
planned to mark the fiftieth anniversary with appropriate cere- 
monies. An elaborate celebration in keeping with the importance of 
the occasion had been planned but, because of the war, the anni- 
versary committee has concluded to limit its program to procedures 
which can be carried out within the framework of a wartime meet- 
ing. These will include authoritative papers on the past, present, 
and future of engineering education, and the award of certificates 
to the living charter members. 

The balance of the meeting will be devoted to a discussion of 
pressing problems related to the wartime duties of engineering 
colleges, presented by Government officials in a position to speak 
with authority and by members of the Society who are in close 
touch with the various developments. Last year’s meeting in New 
York proved the effectiveness of such a program. Papers planned 
for the 1943 meeting will be equally useful. 

In spite of the manifold duties of engineering teachers and ad- 
ministrators, it is hoped that a large number will be in attendance. 
Those who make the trip will be amply repaid by informative dis- 
cussions and stimulating associations. 
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EDUCATION FOR DEMOCRACY * 


By MORTIMER E. COOLEY 


Dean Emeritus, Colleges of Engineering and Architecture, 
University of Michigan 


For more than thirty years I have sought to increase rather than 
lessen the cultural training of engineers. Now once more, this time 
from near the hilltop of life, I raise my voice. I cannot remain 
silent. 

In the field of education, as I see it, the present trend, not only 
of technical education but of education generally, is in exactly the 
opposite direction from the one to which I have devoted my life. 
It is not only grievous disappointment, but I fear a grave mistake, 
that this should be so. For I am thoroughly convinced that the 
late great President Angell was right when he said to me, not long 
before his death: ‘‘Mr. Cooley, after all my years in teaching and 
of public life at home and abroad, I have reached one definite con- 
clusion : If this democratic form of government of ours is to endure, 
we will have to have a different kind of education.’’ 

Dr. Angell was referring to the trend of education, even then, 
towards more and more specialization, with less and less general 
training in history and the social sciences, philosophy, literature 
and the arts. He felt then, as I feel now, that in this trend lies a 
civilization which, lacking the fundamental human values, cannot 
survive. 

In the sixty years I have been intimately connected with engi- 
neering education in this country, the curriculum for engineers has 
become more and more technical. To make room for new technical 
subjects, general subjects have had to be dropped. Most of our 
great engineers of the past century were products of a different 
kind of training. From the time a degree in engineering was in- 
troduced, it has required four years of college study to obtain that 
degree. And for many years after engineering was introduced in 
Michigan (1853), both law and medicine were two-year courses of 
six months each. 

Now the professions of law and medicine have extended the re- 
quirements for their professional degrees—not by eliminating gen- 
eral or cultural training in history and the social sciences, lan- 


* Reprinted from, with the permission of, The Detroit Free Press, Decem- 
ber 27, 1942. 
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guages, philosophy, literature and the arts, but by requiring such 
training for admission to their professional courses. Engineering 
is still a four-year course. 


THE ENGINEER AS A MAN OF VISION 


Not only this but the education of the engineer of earlier years 
was broader than it is today. There were comparatively few 
fields of engineering, and not many textbooks; in a four-year course 
the work required for graduation of necessity included many so- 
ealled cultural studies. It was not uncommon to find both Latin 
and Greek among the accomplishments of engineer graduates. The 
engineer with such training was a man of vision, a wise counselor 
in great enterprises—those which involved knowledge of people 
as well as of technical things. It was through the vision of such 
engineers that our great transcontinental railroads were built, our 
great bridges began to span the mighty rivers, our highways began 
to weave across the Nation, and the world began to move on wheels 
and by motor-power. 

After eighty-seven years of living in this world, forty-seven of 
them as an engineering educator, sixty-odd as a practicing engi- 
neer, I think I know the engineering profession—its needs, its fail- 
ings, its possibilities—as well as anyone. And I know the problem 
of education in war time, as a result of having served as Educa- 
tional Director for the Seventh District of the Student Army Train- 
ing Corps for the War Department during World War I. At that 
time I was directly responsible for the adaptation to war-time needs 
of educational curricula in seventy-two colleges and universities. 

I am not unfamiliar with the hysteria which is a part of war. 
I have participated in two wars. In the Spanish-American War I 
was a young teacher ; I served in the Navy in the capacity for which 
I had been trained by my Government at Annapolis—as a chief 
engineer. In World War I, I was older and I served again in the 
way I was best fitted—-as an educator. I volunteered. I volun- 
teered in 1939 for this war, but of course was turned down. I was 
told in 1939, as I was in 1914 when I volunteered, that we were not 
at war. ‘‘I know,’’ I said both times. ‘‘But we will be.’’ 

In war time, one of the first things a university feels impelled 
to do is to guard its enrollment. When deferment of students to 
attend college is no longer expedient because of the military needs 
of the country, then the college feels compelled to adapt its cur- 
ricula to training for war time alone. No one will deny the re- 
sponsibility of the college to include in its curricula every subject 
needed for war-time purposes. Within the framework of already 
existing curricula such courses should be added, and should be 
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required of all students who can make use of them. But once a 
university turns itself into a college for war purposes alone, it 
loses its value as an educational institution in the broader meaning 
of the term education. 

The last war cost many high-school students, for several genera- 
tions, all training in German language, literature and music. It 
cost later college generations far more. It cost them, to my way 
of thinking, an education. Once the requirements for classical 
training were dropped during the hectic days of war, this training 
was never re-established except as electives. 

Most young people have only four years in college; in war time 
they have even less than that. They have forty years afterwards 
in which to learn and practice the bread-and-butter part of life. 
The one great need today is training for responsible leadership. 
I am told the greatest present lack in the armed forces is not in- 
telligent officer material. There is intelligence enough. The lack 
is leadership. And this lack, I am sorry to say, is nowhere more 
pronounced than among engineers, whose services are so greatly 
needed in war time. 

Leadership is a quality which comes only from a well disciplined 
mind, from a sense of responsibility, from learning to think straight 
—and quickly, on one’s feet, as it were, because such straight think- 
ing is habitual. 

The quality is not absorbed, as technical or other knowledge, in 
capsule form, with the result that at examination time knowledge 
comes forth in the form of reflected light rather than from a light 
within. Education is a mental process. The only way to stretch 
the mind is to put it in contact with something bigger than itself. 
This bigger thing is represented by the best minds and the best 
thinking found in the past. And this is the material which forms 
the basis of a cultural training in history and the social sciences, 
languages, philosophy, literature and the arts. 


THE GERMANS’ GREAT WEAKNESS 


During the last war, and I hope in this war, the supreme weak- 
ness of the German system of militarism was carrying specializa- 
tion to such a point that vision beyond the immediate task in hand 
was impossible not only for the men in the ranks but for the mili- 
tary leaders. German diplomacy could not grasp the psychology 
and spirit of other peoples. 

German war preparation became so intensive, so specialized, 
that when certain operations went wrong, when certain sources of 
supply became inaccessible, the great machine fell of its own 
weight. German naval and military systems failed because the 
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Allies and the United States did not act according to a German- 
made schedule of things. The specialist, whether military, indus- 
trial, technical or executive, without his ‘‘schedule,’’ prepared and 
learned by rote, is nonplussed and conquered when his carefully 
built plan goes wrong, when unexpected obstacles are faced. 

It was a great force of civilian-trained officers and men, stepping 
from the ranks of unmilitary life into the trenches after a few 
months of intensive preparation, who drove the German war spe- 
cialists before them. ~ 

Just as Prussianism in method failed in the last war, so will too 
great specialization fail in this war. Let us beware of making a 
mistake so clearly outlined for us. Never was there more crying 
need for an educational system which will develop individuals 
rather than unplastic models, each a duplicate of each other in his 
own profession or trade. 

Certain technical training is, of course, essential to war. Let no 
one argue that. But for the students who are in college to be de- 
prived of everything except this technical training, with no regard 
for the future when they will have to assume responsibility for 
the world in which they live, will be a tragic error—an error from 
which I think our so-called ‘‘higher education’’ may not survive. 
Even in the Army camps the soldiers are being taught to think 
about the background of this war, why they are fighting, why it is 
essential that we win. 

Modern education, as I see it, has been very much engaged in 
teaching us how to earn money more easily, without teaching us 
how to spend more wisely. It has broadened the scope of human 
endeavor, opened the way to unparalled wealth, enabled us to live 
in marvelous material surroundings. But it has not taught us 
how to run our world of nations without periodic conflagrations of 
war. It has, instead, narrowed our human relations, dulled our 
appreciation of natural pleasures, lessened our sense of spiritual 
values. The forces which have been loosed as a result of our lack 
of balance are now engaged on the battlefield. 


Mors, Nor Less, Epucation! 


Science and its applications have made all nations neighbors, 
so near that the most distant point is within reach of the human 
voice, and within reach by air travel within a few hours. But our 
progress has led to world-wide unrest. The curricula of our uni- 
versities and of the technical colleges should be developed, not 
curtailed, to restore a balance to education. There should be more, 
not less, education. But it should be in the fundamentals, eschew- 
ing all fads, and including, along with war-time training courses, 
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Latin, history, mathematics, political science, economics and a 
thorough training in English in written and spoken form as well 
as literature. 

If possible, there should be a speaking knowledge of at least one 
foreign language; there should be philosophy, especially logic, and 
as much as possible of art, music, and other things apparently hav- 
ing nothing to do with earning a living or winning a war. 

To such a program let there be added the technical training, 
military drill and physical fitness courses required for war. Let 
students carry more hours; let them work harder; let them ex- 
perience the very real discipline of study by reasoning, not by 
listening and repeating what is heard. The best training for the 
rigors of military life, where duty is on a twenty-four-hour basis, 
is less ‘‘fun,’’ and even less personal freedom, and more disciplined 
routine with closer attention every moment to the real job to be 
done. 

Serious-mindedness is a good war-time attitude. Let there be 
Saturday classes, and no vacations; let students go to school from 
8 in the morning until 5 in the afternoon, and study under super- 
vision for certain hours each evening. Let the student do more of 
his learning by study, and less by taking the product his teacher 
has prepared. Thus teaching time can be reduced, and a faculty 
enabled to teach more courses, not less. As for getting up early 
in the morning to study, the students will be up for reveille at 6 
in the Army. Preparation by such hours and such a program 
will be more to their advantage in training for the Army than 
sleeping while they miss an education. 

War time is no time for having fun. Let fun be the first thing 
dropped from the curricula. In its place put training in how to 
think, in how to know good from evil, in how to judge fairly and 
squarely. There will be time, if all the hours in the day are wisely 
used, for training in the art of war as well as in the art of living. 

Believe me, rationing of gasoline, of coffee, of sugar and of a 
hundred other material things can do us no harm; these we can 
have again, once peace returns. But rationing of education, the 
bulwark of our democracy, will provide mental and spiritual mal- 
nutrition which will be irreparable. At a time when the ‘‘lights 
of the world’’ are going out one by one, we can ill afford to extin- 
guish the light of the educational centers. These should be pre- 
served at all cost as custodians and dispensers of the accumulated 
knowledge and wisdom of the world. 

It will be a sad day for institutions of higher learning when 
they have dropped from the place to which their name entitles 
them by eliminating from their programs, especially in war time 
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when the need is greatest, courses which produce real citizens, 
capable not only of winning a war but of governing a democratic 
nation. 

After more than thirty years of effort to broaden the training in 
engineering education, my views can be expressed in simplified form 
as follows: Education is made up of two parts; the first and most 
important part is teaching man how to live to get the most out of 
life for himself and to give the most to others; the second part is to 
give him a professional training enabling him to earn the money to 
carry out the first. 








THE PERSONNEL SITUATION IN ENGINEERING 
WAR MANPOWER COMMISSION, BUREAU OF PLACEMENT 


NATIONAL ROSTER OF SCIENTIFIC AND SPECIALIZED 
PERSONNEL 


BuLLETIN No. 3, April 13, 1943? 


I. Summary oF FINDINGS 


We are currently passing through probably the most critical 
period from the standpoint of engineering personnel that war in- 
dustry will have to face. More engineers are required to start pro- 
duction and raise the production rate to capacity than are required 
for normal operation. When manufacturing plants reach the stage 
of routine production they can better stand the loss of some of 
their technical personnel to the armed forces without curtailing 
operations. 

According to the best data and estimates now available there are’ 
at present about 280,000 professional engineers in the United 
States. Of these, about 19 per cent are in the armed forces and the 
War and Navy Departments, 12 per cent in other governmental 
positions, and 49 per cent in manufacturing, mining, and construc- 
tion. The remaining 20 per cent are employed in transportation, 
communications, public utilities, private consulting offices, colleges, 
and universities. 

The senior class in all engineering colleges for the current aca- 
demic year numbered about 17,000 of whom at least 6,400 were 
committed to the armed forces through the enlisted reserve pro- 
grams. Occupational Bulletin No. 11, revised March 1, 1943, pro- 
vides for the deferment of all engineering students with the ex- 
ception of those in enlisted reserve programs who can graduate 
by July 1, 1945. This will cover practically all students now in 
school including 45,000 freshmen engineering students, the largest 
freshmen class in history, and allow some continuing inflow to in- 
dustry until 1945. Should the war continue beyond this date it 
may be necessary to divert some of the students from the Army- 
Navy training programs into a training program for industry. 

Data available at the time of writing this report indicated that 
for the first six months of 1943 an increase of at least 25,000 in the 


1 Based on information accumulated up to March 1, 1943. 
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total number of engineers employed, both in the armed forces and 
in civilian life, would be desirable. Probably the additional num- 
ber desired for the latter half of 1943 will make the total demand 
for the year about 40,000 or 50,000. This figure represents the 
number of engineers needed by essential industry, government, and 
the armed forces diminished somewhat by assuming the transfer 
into essential activities of all engineers released from construc- 
tion projects that are terminating. Offsetting these needs the po- 
tential college production during the current academic year is 
about 17,000. It is evident that to meet the demands it will be 
necessary to effect many transfers of engineers from less essential 
to more essential industry. The above estimates of need make no 
allowance for replacement of engineers entering the armed forces 
in non-engineering capacities. Every time this occurs the shortage 
increases. 

The more acute the shortage of engineers becomes the greater is 
the necessity for assuring the proper placement of each engineer 
in a job where he can contribute his total abilities to the war effort. 
Also it becomes necessary to make certain that those engineers who 
are required by industry should be given occupational deferment. 
It is for this reason that the recommendation is made for the for- 
mation of a National Committee on Engineers to formulate and 
assist in carrying out policies covering these points. 

Personnel needs vary widely in different special fields of engi- 
neering. The shortages appear to be most acute in electrical, radio, 
mechanical, aeronautical, and industrial engineering. Other fields 
of shortage include chemical, metallurgical, and sanitary engineer- 
ing. No shortage of civil engineers is now evident, and there will 
be a growing surplus as construction projects are curtailed. Most 
civil engineers thus released will be immediately useful in engi- 
neering work of other types, although some will require formal re- 
training. 

The effect of a shortage of engineering personnel, like other 
shortages of critical materials, can be ameliorated by increasing the 
supply, by restricting the use, and by increasing the effectiveness 
of the use. The supply is being increased through the accelerated 
training programs; and it could be further increased by enlarging 
the enrollment in engineering colleges which would, however, ne- 
cessitate the provision of additional teachers in many of the schools. 
The use is being restricted by curtailment of ordinary peacetime 
activities. The effectiveness of use is being and may be even more 
increased by turning over the simpler engineering tasks to tech- 
nical assistants, by ‘‘exploding’’ or ‘‘diluting’’ jobs and having 
the parts performed by men and women with limited technical 
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training, and by improving the technical ability of engineers 
through such training as is given in the Engineering, Science, and 
Management War Training programs sponsored by the Federal 
Government. 


II. RELATION OF ENGINEERING TO THE WAR EFFORT 


Engineers are responsible for the technical phases of the job of 
placing and maintaining industry on a wartime basis. The pres- 
ent enormous demands for these purposes are in competition with 
the expanding demands of the Army and the Navy caused by the 
increasingly technical nature of warfare. 

A comparatively small though critically important group of 
engineers is engaged in research and developmental work on new 
and improved war weapons. The emphasis here is decidedly upon 
applied rather than theoretical research. 

Trained engineers are also needed in connection with such es- 
sential civilian services as water supply, sewage disposal, transpor- 
tation, communication, and public utilities, the problems of which 
are intensified in war-swollen communities. 


III. Suppty or ENGINEERS IN SPECIAL FIELDs * 


Table 1 presents the estimated present distribution of engineers 
by special fields, and the number of graduates in each field for the 
last three academic years. The former estimates were derived by 
adjusting data from the 1940 Census to take account of subsequent 
additions of new graduates and estimated deaths and retirements. 
The number of 1941-42 graduates was obtained from a survey of 
engineering colleges conducted by the National Roster in October 
1942, supplemented in some cases by data from a similar survey 
conducted by the American Council on Education early in 1942. 
The number of graduates in the two preceding years was taken 
from the JOURNAL OF ENGINEERING EDUCATION. 

The numbers in these special fields are significant both as to 
long-term trends and recent shifts. Percentage distributions by 
fields of all active engineers and of 1941-42 graduates are charted 
on Figure 1. Although civil engineers constitute 31 per cent of 


* For the purpose of this report, an engineer is defined as a person who 
has completed a four-year course of training in a reputable engineering col- 
lege or has acquired its equivalent, as indicated by membership in a profes- 
sional engineering society, by licensure as an engineer, or by the character of 
the duties he performs. Graduate engineers who have ceased to concern them- 
selves with engineering are not classed as engineers. This does not, however, 
exclude those who occupy administrative positions because of their technical 


knowledge. 
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TABLE 1 


DISTRIBUTION OF ENGINEERS AND OF NEw GRADUATES BY 
FIeELDs OF SPECIALIZATION 

















Number Graduating from 
Estimated Number Engineering Schools 
Field? of Active during Academic Year ' 

” Engineers, 

Dec. 1942 
1939-40 1940-41 1941-42 
Wise. oo. een 94,000 3,560 4,260 5,300 
Crees Se dace kence ciara 87,600 1,910 1,730 2,200 
Wastes. iS 6 22 Re 59,400 2,100 2,500 2,900 
CONE oS coon twain See 16,700 2,130 2,430 2,700 
Mining and Metallurgical....... 11,700 1,210 1,220 1,000 
ea I pit Ri ahs Face 52a 10,600 450 560 700 
SON i x0:0u cd ae sh Oe Senet 280,000 11,360 | 12,700 | 14,800 

















1 Unclassified graduates have been pro-rated among the specified fields. 

2 In cases where engineering is broken down into only six fields mechanical 
includes aeronautical, automotive, heating, ventilating, and air conditioning, 
marine, and agricultural engineering; civil includes architectural and sanitary 
engineering; electrical includes radio and communication engineering; and mining 
and metallurgical includes petroleum and ceramic engineering. 


all active engineers, only 15 per cent of the last graduating class 
specialized in that field. On the other hand, the proportion of 
chemical engineers among the total body of engineers is only one- 
third as large as among the new graduates, the respective percent- 
ages being 6 and 18. Discrepancies between the two distributions 
in other fields are relatively small. 

Although the current output of new civil engineers during the 
last three years has been far below the proportion of civil engineers 
among all living engineers, there has been a slight increase in the 
absolute number of degrees granted in this field. This fact is sig- 
nificant in view of the present surplus of civil engineers, with the 
exception of the sanitary option, and acute shortages in other engi- 
neering fields. The greatest increase, both relatively and abso- 
lutely, in the number of engineering graduates in 1942 as compared 
to 1940 was in the field of mechanical engineering, in which there 
were about 5,300 graduates in the latter year as compared to 3,600 
in the former. The next largest increase was in electrical engi- 
neering from 2,100 to 2,900. 

In October 1942, the National Roster wnrveniil the enrollment, 
the teaching personnel, and the facilities of the engineering colleges 
in the United States. Detailed returns were received from every 
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such institution and are summarized in Tables 2 to 7. Table 2 
reports the number of faculty members, the full-time student en- 


rollment by curriculum, and the number of students per professor 
in each of the curricula. 
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Fig. 1. Estimated distribution of all engineers and of ’41—’42 graduates by 
specialized fields. 


The total number of faculty members in all engineering schools 
is 5,826. However, the 1,065 faculty members listed as teaching 
‘‘other’’ curricula are mostly professors of physics, chemistry, 
mathematics, and humanities who are teaching in engineering schools 
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TABLE 2 


Facuutry MemBers AND Foti Tuwe Srupent ENROLLMENT BY 
CURRICULUM AND CLASS IN ENGINEERING COLLEGES 
OcroBEeR, 1942 * 























Students Who Are Candidates for Degrees 
Tas No. of 
ulty Stu- 
Curriculum Total Ss dents 
Mem- Pe | Total 
5th | Under-|Grad.} cial 
bers | Fresh.|Soph.| Jrs. | Srs. | Yr" | gradu. | Stud.| Stu- stl Prof. 
ates dents 
Aeronautical....} 193] 2,165) 1,544] 1,140) 881) 59) 5,789) 133| 16 5,938] 30.7 
Agricultural..... 98 341 224 166 109 4 844 7 2 853 8.7 
Architectural....| 164 468} 381| 314) 295) 29 1,487} 17 5 1,509} 9.2 
Ceramic........ 54 122} 157; 113} 110 0 502; 14 0 516} 9.5 
Chemical....... 576 | 5,449] 4,878] 3,763] 2,976; 186] 17,252) 227) 25 | 17,504) 30.4 
- TGR 930 | 3, 3,094) 2,353) 1,889) 117/| 11,241) 126] 19] 11,386) 12.2 
Electrical....... 927 | 4,459] 4,109) 3,288] 2,588) 126/ 14,570) 176/| 101 | 14,847) 16.0 
Industrial....... 145 968; 636) 531) 585) 35/ 2,755) 11 1 .767| 19.1 
echanical..... 1,151 | 9,049] 8,068) 6,127] 4,801) 357/| 28,402) 141/ 39 | 28,582) 24.8 
Metallurgical....| 195 647| 637 533) 12] 2,379) 47)! 383 2,759} 14.1 
Mining.......... 82 353} 293) 275) 350 6| 1,277) 14 1 1,292} 15.8 
Marine and 
Naval Archi- 
tecture....... 21 31 120 118 97 0 366; 29 0 395; 18.8 
Petroleum. ..... 37 435| 334; 277) 298 6| 1,350 8 1 1,359} 36.7 
General......... 188 | 16,634; 2,006} 586) 438 0; 19,664; 20 5 | 19,689) 10.5 
i ere 1,065 711} 486) 423) 350) 66| 2,045) 201| 71 2,317; — 
We Lo. bet 5,826 | 45,620) 26,967|20,024/ 16,309) 1,003 | 109,923/1,171 | 619 | 111,713) 19.2 






































* Based on returns from 166 institutions including the University of Alaska, 
Hawaii, and Puerto Rico. 


though not teaching engineering courses. A study of the data would 
indicate that the actual number of faculty members teaching 
engineering is about 5,000. The number of students per professor 
in the various departments varies from a high of 36 in petroleum 
engineering to a low of 9 in agricultural and architectural engi- 
neering. (The number of students in ‘‘other’’ branches of engi- 
ing is not comparable with the number of teachers for the reason 
mentioned above.) Various reasons could be advanced for the 
difference in the number of students per professor in different cur- 
ricula. The number of students per professor in the mechanical 
engineering fields is so high that if the enrollment were to be in- 
creased to any extent a proportionate increase in the number of 
faculty would be required. 

The senior class, including 5th year students in schools requir- 
ing five years for a bachelor’s degree, numbers this year 17,312, 
which is roughly the size of the senior class in 1941-42. On the 
other hand the freshman class is the largest in history. To dis- 
close the trend of freshmen enrollment matching data from 125 
schools reporting freshman enrollment in each of the last four 
years were tabulated and are summarized in Table 3. Also shown 
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TABLE 3 


FRESHMAN ENROLLMENT, ENGINEERING AND TOTAL, BY YEAR 








1939-40 | 1940-41 | 1941-42 | 1942-43 





Engineering freshman enrollment *........ 29,391 | 30,509 | 33,692 | 40,869 

Per cent change from preceding year...... +3.8% | +9.5% |+17.6% 

Estimated per cent change of total ¢ fresh- 
man enrollment in all types of colleges 


from preceding year................. —2.0% | —4.5%| —1.7% 











* Data from 125 schools which reported enrollment in all 4 years to JouURNAL 


OF ENGINEERING EpvucaTION and National Roster Survey. 
t School and Society, Dec. 19, 1942, pp. 591-602, and Dec. 14, 1940, p. 618. 





in this table is the per cent change in total freshman enrollment in 
all types of colleges during the same period of time. 

Whereas total freshman enrollment has been decreasing gradu- 
ally since the academic year 1939-40, freshman enrollment in engi- 
neering has been increasing at an accelerated rate culminating with 
an increase this year of 17.6 per cent over that for the previous year. 
This shift toward engineering is undoubtedly due in large part to 
constant publicity of the réle that engineering plays in modern 
warfare. 

As Occupational Bulletin No. 11, revised March 1, 1943, pro- 
vides for the deferment of engineering students who can graduate 
by July 1, 1945, it will cover practically all of this large freshman 
class because most every college has adopted an accelerated program 
that will lead to their graduation by then. 

Industry is thus assured of some young engineers, other than 
those who cannot physically qualify for military service, through 
1945. It may subsequently be found during the course of the war 
that some students in the Army-Navy training programs should 
be transferred to normal engineering curricula as a precaution 
against their possible need in industry beyond 1945. The ulti- 
mate decisions as to whether the students involved would enter the 
armed services or industry could be deferred until the time of com- 
pletion of their training. 

Some of the Army-Navy training programs now provide for 
calling up students in the Enlisted Reserve Corps before they have 
completed their training. Every effort should be made by the 
Army and the Navy to return all of the partially trained engineers 
involved to school under the Army-Navy training programs to 
enable them to complete their training. This course should lessen 
the armed services’ demands for fully trained engineers from es- 
sential civilian work. 
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The distribution of full time engineering enrollment by curricu- 
lum and by class is tabulated in Table 4. Here it is possible to see 


TABLE 4 


DISTRIBUTION OF FuLt Time ENGINEERING STUDENTS ENROLLED IN 
OcrToBER 1942, By CURRICULUM AND By CLass * 

















Curriculum Fresh Soph es Juniors Seniors 
AINE oes. 5 5 30 a oes 7.7% 6.3% 6.0% 5.7% 
Re. Ss «sce ee eee 1.2 0.9 0.9 0.7 
AE. oc. 5. 6 Sees Se cee 1.7 1.6 1.6 1.9 
CR fo, tsa y cre cigs Sagano 0.4 0.6 0.6 0.7 
PE ss Ok eee 19.3 19.9 19.8 19.1 
Seer es ce Oke kk ke eee 13.4 12.6 12.3 12.1 
MS 5. ocina ese ial Eee 15.8 16.8 17.3 16.7 
a te 3.4 2.6 2.8 3.8 
MIS 6 55 Wcecansscrgs aca earns 32.0 33.0 32.3 31.1 
Metallurgical.................. 2.3 2.6 2.9 3.4 
ME ef Soins Dok geen wae 1.2 1.2 1.4 2.3 
Marine and Naval Architecture. . 0.1 0.5 0.6 0.6 
PONS oi cua scent ioeone 1.5 1.4 1.5 1.9 

BG co hccdbthvndetincns 100.0% 100.0% 100.0% 100.0% 

















* Excluding students in the curricula “General” and “Other.” 


the difference in the choice of curriculum made by students enter- 
ing this year as freshmen as compared with the choice that was 
made by the present senior, junior, or sophomore class. These data 
show that as between fields relative enrollment in the mining group 
(mining, metallurgical, petroleum, and ceramic engineering) has 
been falling off whereas relative enrollment in the mechanical 
group (which includes aeronautical engineering) has been increas- 
ing. Relative enrollment in civil engineering has also been in- 
creasing slowly and that in agricultural engineering has increased 
considerably. Relative enrollment in the other fields has remained 
practically stationary. The shifts in enrollment which have oc- 
curred by no means parallel the shifts in demand which have placed 
the current emphasis on the fields of mechanical, aeronautical, in- 
dustrial, and electrical engineering. This is not surprising. Limi- 
tations of faculty and facilities would prevent shifts in enrollment 
corresponding to shifts in demand. 

The National Roster’s survey of engineering colleges also ob- 
tained data, which are shown in Table 5, on the number of stu- 
dents committed to the armed forces through membership in en- 
listed reserve programs. On the basis of data from 121 schools 
which furnished information on this question 36.8 per cent of the 
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TABLE 5 


PROPORTION OF FuLL Time ENGINEERING STUDENTS COMMITTED TO 
THE ARMED Forces OcToBER 1942 * 


(Based on 121 schools reporting usable data) 


Curriculum Juniors Seniors 
I oo ec he a iveteee ae 48.7% 35.6% 
cig PE iat as a 45.7 46.6 
ES ESS EE aE 67.0 46.0 
MU ts Siena sie uke RGIS ale rua 51.6 52.0 
NR ss s5coo7s RT PES ORE AS TR 44.4 29.5 
SSIS Sg RR VRE Pape Sn eat se eer hee 55.5 43.3 
IN 5 6 Pecans See teow 44.8 36.3 
RESET EE oe Oe ease 83.7 45.2 
MI 5, ys iste & vos Wa vy Bho hee 48.8 35.3 
I: 65 sb tons sigiciony wens Wisse nt 51.0 24.6 
Mao ha Fcpeand Uiure noch Es 9 38 52.6 26.8 
Marine and Naval Architecture. ...... 40.5 27.3 
IS oe Ge BO ie ak 51.6 51.5 
i Soo cs host sh ee a cea eee 63.6 38.2 

NESS: eine ae uate sa Meco 52.4% 36.8% 


* Includes Air Corps Enlisted Reserve, Army Enlisted Reserve, Marine Corps 
Enlisted Reserve, Navy Enlisted Reserve, Signal Corps Enlisted Reserve, and 
Reserve Officers Training Corps. 


seniors and 52.4 per cent of the juniors were committed to the 
armed forces. The proportion varied somewhat between fields, 
being considerably below the average in mining, metallurgical, ma- 
rine, and chemical engineering and somewhat above average in 
civil, architectural, and industrial engineering. Many of the 
schools indicated that recruitment in these reserve programs was in 
progress at the time of the survey so that these figures are on the 
low side. However, it is thought that the number of additional 
seniors so enrolled would probably not be very great compared to 
the number of juniors and lower classmen because the seniors have 
nearly completed their course and in many cases actually have 
prospects of civilian jobs before them. 

Applying the percentage of 36.8 to the whole senior class would 
indicate that 6,400 of these students will be reserved for the armed 
forces and the remainder will be available for industry and civil 
government. The actual number entering the armed services will 
no doubt be somewhat larger due both to subsequent enrollments 
in the enlisted reserve and inductions. A much higher proportion 
of juniors than seniors was committed to the armed forces at the 
time of this survey probably because many students believed that 
such a procedure represented the only way for them to complete 
their college training. 
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TABLE 6 


CURRENT AND EstimaTED Maximum ENGINEERING ENROLLMENT IN 
Futt Time UNDERGRADUATE CURRICULA 

















Estimated Number who Per cent Increase who 
Could be Taught With Could be Taught With 
Curricula a. 
Present Additional Present Additional 
Staff Staff Staff Staff 

Aeronautical........ 5,789 6,295 8,064 9% 39% 
Agricultural. ....... 844 1,935 2,431 129 188 
Architectural. ...... 1,487 2,438 3,614 64 142 
CR can) s sos sat 502 778 873 55 74 
Chemical........... 17,252 19,944 25,605 16 48 
6” TRE ate ereaerate gas ae 11,241 16,304 23,407 45 108 
Electrical.......... 14,570 18,832 26,778 29 84 
Industrial... ....... 2,755 3,870 5,854 41 112 
Mechanical......... 28,402 30,648 38,217 8 35 
Metallurgical. ...... 2,379 3,561 4,921 50 105 
PPE EY 1,277 2,263 3,605 77 182 

Marine and Naval 

Architecture... ... 366 534 616 46 68 
Petroleum. .......5. 1,350 1,885 2,786 40 106 
a Rea GCF 19,664 21,395 24,215 9 23 
CO iiss cs Sone 2,045 3,313 * 4,906 62 140 

eg Bat 109,923 133,995 175,892 22% 60% 




















Table 6 reports current enrollment in full time undergraduate 
curricula along with a summary of the estimates made by the sev- 
eral schools of the number who could be taught with present fa- 
cilities and staff, and with present facilities but with additional 
staff. Whereas at the time of this survey about 110,000 full time 
undergraduate students were enrolled throughout the country, the 
returns indicate that with the present faculty members 134,000 
students could be enrolled,.and that with additional faculty mem- 
bers the total capacity of these institutions would be 176,000. If 
the latter figure were achieved, it would mean that the physical 
plant facilities of the school were being used to capacity. This 
estimated increase in enrollment varies markedly between curricula. 
The limit with present faculty has practically been reached in 
mechanical and aeronautical engineering. However, this enroll- 
ment could be stepped up by 35 per cent if additional faculty could 
be provided. It is surprising that with the current accent on radio 
and radar, enrollment in electrical engineering is almost 30 per 
cent below what it could be with the present staff. Taking the 
engineering colleges as a whole these returns indicate that enroll- 
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ment could be increased by 60 per cent if additional staff were 
provided. Should the personnel problem in engineering become 
sufficiently acute this represents one part of the solution, although 
by its nature it is a long term solution and will do nothing to al- 
leviate the immediate shortage of trained engineers. It may, how- 
ever, prove impossible to utilize the full capacity of all schools 
because it may not be possible to properly distribute the teachers 
and the students. 


TABLE 7 


ENROLLMENT OF Part TIME AND EVENING STUDENTS BY CURRICULUM 
OcroBER, 1942 




















Students Who Are Candidates for Degrees 
Curriculum Total ; 
Fresh | Sopho- | junior| Seniors} St | Under- | Graduate] Special 
ates 
Aeronautical. ...... 273 58 37 170; — 538 33 170 
Agricultural........ 15; — — —_|i-— 15 1 — 
Architectural....... 47 3 a 5} — 55 6 10 
SNS ass ele 28; — ae —_}i— 28 _ — 
IID S 625 :d-0'cicsoee 430; 116 175 185; 15 921 378 205 
CN isons atone 393 80 98 72| 10 653 137 134 
Electrical.......... 760 | 204 267; 190| 28) 1,449 606 406 
Industrial......... .| 54 11 24 32 1 122 60 12 
Mechanical........ | 1,273] 369 413} 253} 44) 2,352 330 668 
Metallurgical...... .| 9 28 39 99 4 179 150 239 
Ns. ss os 94 40 30; — | — 164 63 1 
Marine and Naval 
Architecture..... —{j— — — — —_ _ — 
Petroleum.........| 2}; — oa 8; — 10 5 2 
General............| 1,280] 32 | 56] 11} —| 1,329] 111 | 1,140 
oC sac | 35 4 1 7|— 47 55 150 
OWN. «5 4:0 55.4 | 4,643; 945 | 1,140| 1,032; 102; 7,862 | 1,935 | 3,137 





























Table 7 shows the enrollment of part-time and evening students 
by curriculum and by class. Although the number of part-time 
and evening undergraduate students is less than 10 per cent of the 
number of undergraduate full-time students the number of part- 
time graduate students is 65 per cent greater than the number of 
full-time graduate students. In other words part-time courses as- 
sume considerable importance in the training of graduate students 
but are relatively insignificant for undergraduates. Most of this 
undergraduate instruction is at the freshman level. Apparently 
many students do not get beyond this point. 
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The National Roster’s registrations in engineering are now 
large enough so that they may be considered to afford a fairly 
representative sample of the field. An age breakdown of all those 
registrants was made as of November 1, 1942. Table 8 shows for 


TABLE 8 


MEDIAN AGE, AND PER CENT UNDER 38, oF RosTER 
REGISTRANTS IN ENGINEERING 


Roster Registrants 





Fields % Under 38 * Median Age 

Aeronautical Engineering............. 78.0% 29.9 
Chemical Engineering................ 70.5 30.1 
Radio Engineering.................. 67.8 33.9 
Electrical Engineering............... 49.1 38.3 
Mechanical Engineering.............. 48.0 38.9 
Mining and Metallurgical Engineering. 44.1 40.3 
Marine Engineering & Naval 

prem 41.6 42.1 
Heating and Ventilating Engineering. . 40.9 40.7 
Civil Engineering................... 32.8 45.1 
RE BOOS . isnis 3 6545 Pek SA 47.1 39.6 


* Assuming uniform distribution in the age group 31 to 40. 


each branch of engineering the median age and the per cent of the 
registrants who are under the age of 38 and thus liable for military 
service. Those data do not include any college graduates of the 
academic year 1941-42. 

A comparison of this table with Table 10 shows that those classes 
of engineers most in demand at present have the greatest propor- 
tion in the military age group. More than two-thirds of all the 
aeronautical, chemical, and radio engineers are included in this 
group which on'‘the other hand includes slightly less than one-third 
of the civil engineers. In general, therefore, a greater proportion 
of those engineers most in demand will have to be given occupa- 
tional deferment to retain the necessary numbers for industry. 


IV. CurrENtT EMPLOYMENT AND F'uTURE NEEDS 


1. Summary.—Engineers are an extremely heterogeneous group, 
being employed by the armed forces, Federal, State, and municipal 
governments, construction and manufacturing establishments, 
transportation systems, and public utilities. Their functions in- 
clude research, development, design, construction, operation, and 
maintenance. Some data on present employment and anticipated 
requirements have been collected from all classes of employers and 
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TABLE 9 


EstTIMATED CURRENT ENGINEERING EMPLOYMENT AND FUTURE NEEDS 
BY PLacE oF EMPLOYMENT 
Additional 





Employed Personnel Required 
Place of Employment Jan. 1, 1943 January-June 1943 
ee Re ERE oe FL a Be eae 105,000 12,000 
en tore hind ans isiale staid e 6 bs xen S96 12,000 500 
CI io. ee aes eugene es oe 20,000 — 5,000* 
Private consultants and their staffs.......... 10,000 — 4,000 
Transportation, communication and public 
ARSE a ges games ape seria KS aay age 40,000 — 
I ae tae brci ea netting cacy 5,000 —t 
War Department—Uniformed and Civilian... 40,000 15,000 
Navy Department—Uniformed and Civilian.. 13,000 4,000 
Other Federal Government agencies......... 14,000 3,000 
State, County, and Municipal governments... 21,000 _— 
De icixc a cass bate «feels eee toes 280,000 25,500 


* Decrease in personnel needed. 

+ The start of Army-Navy training programs in the colleges will require many 
additional professors and instructors. They may not be required in large numbers 
before July, 1943. 


are shown in Table 9. The returns to date have been only samples, 
though inquiries already initiated but not yet completed should 
yield more complete information. 

Table 9 must be very cautiously interpreted as it is a collection 
of unrelated data and estimates. Some of the figures have been 
arrived at by extrapolation from data collected from various sur- 
veys, and some are supported by the judgment of authorities in 
the field although statistics are not available. Nevertheless, it is 
believed that the table as a whole affords the best available picture 
of the current distribution and estimated needs of the Nation’s 
engineering personnel in different categories of employment. 

If the requirements for the several categories of establishments 
are summated—assuming that all the engineers released from the 
construction industry are readily employed elsewhere—a total in- 
crement of about 25,000 new engineers in the armed forces and in 
civilian life, is indicated to be needed during the six-month period 
ending in June 1943. From the trend of labor requirements over 
the past year it seems that the demand during the latter half of 
1943 will not be much below this, making a total demand for the 
year of 40,000 to 50,000 engineers. From the data on college en- 
rollments it was seen that the number of seniors in school this year 
was about 17,000. Thus it is evident that these demands cannot 
possibly be met. The corollary is equally evident—that the proper 
placement of the finite supply of engineers must be assured. This 
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proper placement will require many transfers from less to more 
important jobs. 

In Table 10 an attempt has been made to break down the num- 
ber of engineers needed -for placement during the period from 


TABLE 10 


EstTIMaTED CURRENT ENGINEERING EMPLOYMENT AND FuTURE NEEDS 
By FrIe.p oF SPECIALIZATION 





Additional 

Employed Personnel Required 

Field Jan. 1, 1943 January-June, 1943 
Mashonlonl | 5.566: 2G EKG 85,000 9,000 
Aeronautionl * . ... 2.06 cence anis 9,000 6,000 
Sie SPR mer epee eco a 87,600 — 7,000 
ME gs choos eww ven 59,400 10,000 
Chemical>.. . Le yo Get Smee 16,700 2,000 
Mining 500 
Metallurgical /******""*°*7"*"° 11,700 2,000 
SE «os. «6k esi os ERs 10,600 3,000 
a eae ae Ns 280,000 25,500 


* Included with mechanical in Table 1. 


January to June, 1943, by field of specialization. Though these 
figures must be used with caution, they do serve to indicate in gen- 
eral the fields of engineering in which the need is most acute. By 
far the greatest numerical needs are in the broad fields of mechan- 
ical, industrial, and electrical engineering. Substantial numbers 
are also needed in the fields of chemical and metallurgical engi- 
neering, but the number of mining engineers required during this 
period is not very large. It is expected that there will actually 
be a surplus of civil engineers due to the cessation of many con- 
struction projects, but most of these engineers so released will 
readily find employment in the armed forces or in certain branches 
of industry, notably aircraft production and shipbuilding. This 
surplus does not extend to sanitary engineering, one branch of 
civil, in which a definite shortage exists. 

The United States Employment Service makes a bi-monthly 
survey of firms in manufacturing, mining, construction, transpor- 
tation (except interstate railroads), communications, and utilities 
employing, in general, 200 or more persons, in order to determine 
the anticipated hires and lay-offs during the ensuing six-month 
period, and the current critical shortages. The figures on critical 
shortages represent the number of persons in any occupation for 
lack of whom production is presently being delayed. 

These surveys have not been aimed especially at the professional 
level, but during the past year more and more employers have 
been reporting their labor needs in the professional as well as the 
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skilled and unskilled labor fields. Table 11 shows the data col- 
lected from the September and November, 1942, and January 1943, 
surveys. These data can by no means be assumed to be a complete 
report of the anticipated hires in industry, but must serve rather 
as a sample to give a qualitative indication of the nature of that 
need. 

TABLE 11 


Survey oF ANTICIPATED LABOR NEEDs IN INDUSTRY 
Uses Form 270, ENGINEERING FIELDS 




















Net Anticipated Hires for 
Next 6 Months * Critical Shortages 
Field ‘i 
tem- | Novem- January Septem- | Novem- January 
bee 1942 1948 ber 1942 1948 
Metallurgist............... 139 192 198 9 24 22 
Chemical Engineering. ..... 338 308 352 67 81 26 
Ceramic Engineering....... 3 5 3 1 1 — 
Civil Engineering.......... —379 | —930 | —409 66+ 6t 89 
Landscape Engineering... . . — —4 =~ — — — 
Electrical Engineering... .. . 2,421 918 | 2,088 417 331 377 
Industrial Engineering......| 637 | 1,735 | 2,174 125 138 194 
Safety Engineering......... —5 —22 30 — — _ 
Mechanical Engineering. ...| 2,593 | 1,735 | 1,964 428 477 598 
Aeronautical Engineering...| 636 | 1,238 | 1,439 264 121 110 
Sales Engineering.......... —_ 2 6 _ 1 3 
Welding Engineering....... — 1 —_ —_ 1 _ 
Salvage Engineering........ 1 1 1 — — _ 
Mining Engineering........ 7 11 13 6 5 2 
Petroleum Engineering. ... . — 1 2 — _— -- 
| Ee eesey 6,391 | 5,191 | 7,861 | 1,383 | 1,186 | 1,421 




















* A minus sign indicates excess of anticipated lay-offs over anticipated hires. 
+ Critical shortages in this field are possible because even though there is an 
excess of anticipated lay-offs there were still several hundred anticipated hires. 


A study of this table shows that by far the greatest demand by 
industry occurs in the fields of mechanical, industrial, aeronautical, 
and electrical engineering. In comparison with the supply, the 
need is most acute in aeronautical and industrial engineering. The 
need for chemical engineers and metallurgists is sizable but is not 
as great as for engineers in the previous groups. It is indicated 
here that there is a surplus of civil engineers and that a large num- 
ber of lay-offs can be expected in that field. In the other engineer- 
ing fields very little change in employment is anticipated. In 
aeronautical and industrial engineering the anticipated hires in 
January are two and three times as high as they were in September, 
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while in mechanical and electrical engineering they were actually 
somewhat less. ; 

The number of critical shortages roughly parallel the figures on 
anticipated hires. However, the ratio of critical shortages to an- 
ticipated hires is high in mechanical and electrical engineering, 
showing probably that the need in these fields is more immediate, 
while the need in the other fields is spread over a longer time 
period. 

2. Specific Activities—In the following paragraphs the require- 
ments of the major classes of users of engineering personnel are 
explored in more detail. 

Manufacturing.—The manufacturing industries now employ ap- 
proximately 105,000 engineers classed according to field of speciali- 
zation somewhat as shown below: 





pT Se pepo ee i ae one 7,000 
Chabal i a ES a See 14,000 
CN i566 G2 EO 3,000 
Weer | isis oo poets ce bnvies 25,000 
ja. RR arene e Mee Mae er e- 9,000 
TEOURARROEE obs ii. vig Sic 8 458 cee 45,000 
MEGCRIO o.0 so cis ogcesrsns 2,000 

105,000 


By hazardous extrapolation of the results of surveys of antici- 
pated hires and lay-offs in industry conducted by the United States 
Employment Service and presented in Table 11, coupled with a 
survey of current employment and anticipated hires conducted by 
the Employment Service last July, it can be estimated that manu- 
facturing concerns estimate the hiring of about 12,000 engineers 
during the first six months of 1943. In considering these esti- 
mates it should be remembered that even if the needs were met 
the number of engineers in manufacturing industry would be far 
less in relation to volume of activity than in normal times. 

The figure of 105,000 engineers currently employed in manu- 
facturing covers both essential and non-essential industries; it has 
not been possible to arrive at separate figures for the two cate- 
gories. The estimates of additional personnel needs, on the other 
hand, relate only to essential industries. No calculation is made 
in this report as to what proportion of those needs can be met 
from the non-essential segment. Substantial numbers have, of 
course, already transferred but further transfer should be urged 
in the future. The Roster is making continuous surveys directed 
at locating and listing engineers who are or may become available. 

Other steps which are needed to counteract the shortage of 
engineers include the use of technical assistants for drafting and 
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inspection work and the ‘‘explosion’’ of the simpler engineering 
jobs so that parts of them can be handled by men and women with 
limited training, thus releasing fully-trained engineers for jobs 
requiring maximum use of their abilities. There can be no doubt, 
however, that the maximum exploitation of all such measures will 
still leave war industry short of the engineers who could be utilized 
in effectively speeding up production. 

On the other hand there have been reports that some plants 
which have hired engineers to perform specific tasks continue to 
keep those engineers when the tasks have been finished merely for 
the sake of insurance. Thus a few plants may be overstaffed with 
engineers at the same time that many plants are desperately short. 
The functions of the Allocations Division of the National Roster 
include the investigation of such practices of hoarding. 

Once a maximum rate of production is achieved, the services of 
fewer engineers will be necessary to maintain continuous operations 
at that level. For more technical work is involved in design, de- 
velopment, and tool assembly than is required for routine produc- 
tion. We are still in the critical period of development, and any 
reduction in the number of engineers at this stage would result in 
costly retardation of the growth of production. Although indus- 
try can better stand some loss of technical personnel once the 
growing stage has been passed, curtailment of industrial engi- 
neering staffs at any time will lessen their ability to make changes 
in design dictated by experience of the battlefield, and to make 
improvements in manufacturing techniques resulting in decreas- 
ing the number of man hours of labor required per unit of produc- 
tion. This is especially true in such industries as airplane and 
armament where changes in design and retooling will require about 
the same number of engineers as for the original design. 

Mining.—It is estimated that the mining industry employs about 
12,000 engineers. About 500 additional engineers are estimated to 
be needed during the first six months of 1943. These additional 
engineers are needed largely in connection with the extraction of 
strategically important minerals from new mines and from mines 
which have not been financially attractive in the past. 

Construction——The approximately 20,000 engineers employed 
by contractors in the construction industry are divided according 
to field of specialization somewhat as follows: 
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Engineers directly employed by governmental agencies on construc- 
tion work are not included in these figures. It is known that some 
of these are expected to be released. In addition, there are about 
8,000 engineers, mainly civil, attached to private consultant firms 
who design, plan, and inspect construction projects built by con- 
tracting companies. Thus about 28,000 engineers, of whom 20,000 
are civil engineers, are actually employed by construction industry. 

Major construction operations are now almost wholly confined 
to military and naval installations, industrial plants to produce 
war materials, and housing for military personnel and war work- 
ers. An estimate based on sources representing a large part of 
the construction industry indicates that by the middle of 1943 the 
volume of construction in the United States will have fallen off 
to about 25 per cent of its peak of August 1942. Many engineers 
were released during the latter part of 1942 from the construction 
industry and it is estimated that about 9,000 more will be released 
during the first six months of 1943. Mechanical, electrical, and 
industrial engineers among these can find immediate reemployment 
with manufacturing concerns. The problem of finding work which 
can be done by the civil engineers who constitute the great major- 
ity to be displaced is discussed later in this report. 

As the war progresses, curtailment of construction work within 
the United States may be offset by the construction and mainte- 
nance of military bases, roads, railroads, and port facilities in 
foreign territory. But the prospective volume of such work is 
most difficult to predict as it depends upon the trend of the war. 

Teaching.—The number of engineering professors and teachers 
in universities, colleges, and technical schools throughout the United 
States is about 5,000. As shown in Table 6 some increase in enroll- 
ment in engineering is possible with the present staff, though 
largely in the fields that are not in great demand at present. How- 
ever, representatives of the Army and Navy have stated to the 
Roster that the number of engineers needed each year by the Army 
and Navy together exceeds the number that the colleges could pos- 
sibly produce. If any effort is made to meet this enormous demand 
by the Army-Navy training programs substantial additions must 
be made to the present staff. As this would probably not be done 
before July no additional need for faculty members is reported in 
Table 9. Even if enrollment in engineering does not increase 
every effort must be made to avoid any further depletion of the 
present staff. Many of these men are engaged in war research and 
administration of ESMWT programs and can hardly undertake 
additional classwork. 

Research.—The 2,200 industrial research laboratories in the 
country employ a total of about 13,000 engineers. Including those 
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working for the National Advisory Committee on Aeronautics, the 
National Defense Research Committee, and other government lab- 
oratories, the sum total of all research engineers is approximately 
18,000 or slightly over 6 per cent of the entire supply. This num- 
ber is not shown separately in Table 9 but is included in the figures 
for industry, government, armed forces, and teaching. It is plan- 
ned to expand and speed up all government-sponsored war research. 
While the desired increase of personnel is not large compared with 
other demands, the caliber of the men must be of the best. 

It is most important to keep these research groups intact in 
order to initiate, investigate, and develop every possible idea for 
new or improved war weapons which will aid us in defeating the 
enemy at the earliest date. Already the development of radio de- 
tection devices has affirmed the wisdom of the past deferment of 
young physicists and electrical engineers from military service. 
Young engineers kept in their laboratories in 1943 may produce 
something equally important. 

Army and Navy.—The personnel of the armed forces, both ci- 
vilian and uniformed, now includes about one-fifth of all of the 
engineers in the country. Many are not presently functioning as 
engineers. A relatively large number were reservists and thus 
were called to active duty because of their military status rather 
than because of their engineering ability. Furthermore, due to the 
technical nature of modern war for which engineering training is 
generally considered to be the best background, additional numbers 
were commissioned, without regard to whether they would function 
as technical officers, at a time when there was no general shortage 
of engineering talent. 

As the volume of equipment produced and available for use by 
our armed forces increases and participation in combat intensifies, 
the need for technical officers may well expand more rapidly than 
the rate of expansion of the services as a whole. This happened 
with the British some months ago. While the priority of need for 
technical officers is evident, only as a last resort should it be met 
by restricting or reducing our capacity to develop, improve, and 
produce war equipment. It must be assumed that it will be neces- 
sary to draw additional engineers from industry into the armed 
forces but, to the greatest extent possible, additional needs for 
technical officers should be met by reassignment of unused tech- 
nical talent within the armed forces. The accomplishment of such 
a program of reassignment could only result from a thorough sur- 
vey of engineering talent and function in the services. This the 
British are reported to have done so successfully that nearly all 
military needs over a period of nine months were met from within 


the services. 





a or BAawit nn ®D 


+ 


= &¢§ FO om ee Oe OS 


_— ow Ww FF 





THE PERSONNEL SITUATION IN ENGINEERING 767 


It cannot be expected that military and naval officers with out- 
standing qualifications and experience as combat leaders who hap- 
pen also to be trained engineers will be reassigned to technical 
posts. But, except in such cases, the non-technical use of engineers 
in the armed forces is difficult to justify. 

As previously stated, nearly 40 per cent of the present senior 
engineering students are committed to the armed forces through 
membership in reserve components. The military training of many 
of these men is only nominal. Except to the extent that they are 
needed to fill technical posts still vacant after following through 
with reassignment programs, serious consideration should be given 
to releasing part of them, particularly those who have specialized 
in the most critical industrial engineering fields, to war industry. 
Chemical engineering graduates, for example, are of relatively 
little use as such to the Army or to the Navy, but are in extreme 
demand for the synthetic rubber and aviation fuel programs. If 
the desired increase in airplane production during 1943 is to occur, 
a large number of the graduating aeronautical engineers must be 
reserved for the aircraft industry. 

In a survey of the Federal Government to determine the num- 
ber of professional personnel currently employed and the number 
needed during the six-month period from January to July, 1943, 
the Army Air Force reported a need for over 5,000 civilian aero- 
nautical engineers. Naturally this increase cannot be realized as 
this number of trained aeronautical engineers is not available. 
Therefore the Army Air Force has had to explode the jobs and 
conduct in-service training courses to fit the trainee to perform 
one particular function. These trainees are not fully qualified 
aeronautical engineers but they are perfectly capable of perform- 
ing one particular task. A similar training program is in effect 
to fill the need for radio engineers. 

Government.—Of the 35,000-odd engineers employed by Fed- 
eral, State, county, and municipal governments about two-thirds 
are civil engineers engaged in the construction and maintenance of 
highways, buildings, and other public works. This preponderance 
of civil engineers does not hold for the new men who are needed, 
as most of the current demand comes from agencies concerned with 
problems of industrial production, such as the War Production 
Board. 

3. Specific Branches of Engineering.—In the field of civil engi- 
neering there is certain information which it seems desirable to 
present at this time. When any information in other special fields 
comes to hand, supplementary reports will be released. 

Civil Engineering.—The 87,500 civil engineers listed in Table 1 
are engaged approximately as follows: 
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Federal Government (except Army and Navy) .......... 8,000 
State, County, and Municipal Engineering Departments.. 18,400 
Professors in Engineering Colleges .............+..+055 1,100 
Army and Navy—Military (line officers) .............. 10,000 
eel eee eee eee 17,000 
Construction and Contracting Companies ............... 22,000 
Private Consultants and their staffs ................... 8,000 
Industrial Organizations (not construction) ............ 3,000 

87,500 


The number of civil engineers employed at any given time is 
closely related to though not directly proportional to the volume of 
construction under way. Consequently, as the construction of new 
factories, cantonments, shipyards, and depots draws to a close sub- 
stantial numbers of trained civil engineers will become available 
for use in other fields. Many civil engineers have already been 
laid off and it is thought that the total number so affected may 
have amounted to 12,000 or 15,000 by the middle of 1943. While 
civil engineering as such finds but little use in manufacturing in- 
dustry, training which is common to all engineering curricula per- 
mits some transfers into other fields. The need for supplemental 
training varies as between fields, ages of men, and the level of work 
involved. Young men a year or two out of college who have re- 
cently taken fundamental mathematics, physics, electrical engi- 
neering, or mechanical engineering can transfer into related fields 
with but little difficulty; older men who have lost proficiency in 
most of these fundamental courses are not so readily adaptable to 
new fields of technical work but their maturity and experience 
provide a good background for managerial and supervisory posi- 
tions. More specific and detailed possibilities for the use of dis- 
placed civil engineers are set forth below: 


(a) Officers in the Armed Forces.—Engineering training is 
recognized as an excellent background for combat officers and is of 
course indispensable in military engineering work. Many of suit- 
able ages could make the best contribution in this manner. 

(b) State, County, and Municipal Engineering Departments.— 
These departments have had substantial losses of younger personnel 
to the armed services. While some decrease in these engineering 
staffs is probably desirable, a certain minimum must be maintained, 
and a number of the older men could well serve as replacements. 

(ec) Radar—yYoung adaptable men with recent training in 
mathematics and physics, who have had some courses in electrical 
or radio engineering, might, after some special training, be em- 
ployed in a technical capacity in connection with radio detection. 
There is a great demand for technical personne! in this field. 
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(d) Aeronautical Engineering.—Structural engineers can with 
a short training course learn enough aeronautics to make stress 
analyses and design plane sections. 

(e) Naval Architecture and Shipbuilding.—Structural engi- 
neers and designers can also be used after a training program for 
similar work in the shipbuilding industry. 

(f) Managerial Positions in Industry—Civil engineers with 
managerial experience could well be used in this capacity in indus- 
try. Canadian manpower officials state that civil engineers placed 
in manufacturing plants have become quite satisfactory produc- 
tion engineers. 

(g) Teaching and Administration of Training Programs.—In 
view of the shortage of teachers of engineering already referred to, 
some displaced civil engineers may find important work as teachers 
of subjects which while included in the civil engineering curricu- 
lum are also basic to other fields. Some might for example be 
qualified to teach basic science. The various engineering training 
programs now in progress or projected will also require many ad- 
ministrators who should be generally familiar with engineering 
problems but need not be specialists in the presently critical 
branches of the subject. 

In listing engineers available for transfer to war work, special 
attention is given by the Roster to civil engineers. 

Consideration should also be given to the character of further 
training of civil engineering students now in college. Due to the 
impending surplus of civil engineers it would seem wise to suggest 
to the Bureau of Training of the War Manpower Commission that 
they urge these students to transfer to the more critical fields. 
Where full transfer is impracticable, all possible electives in these 
other fields should be chosen. 








THE HUMANISTIC-SOCIAL STUDIES IN ENGINEER- 
ING EDUCATION, FACTORS AND INFLUENCES 
AT WORK 


By EDWIN 8. BURDELL, Director 


The Cooper Union for the Advancement of Science and Art 


In preparing this article on the status of the humanistic-social 
studies in engineering education I am reminded of the Biblical 
saying: ‘‘Of making many books there is no end; and much study 
is a weariness of the flesh.’’ I am sure that this applies equally 
well today to the making of many reports for the guidance of 
engineering educators. Most readers of this Journal will agree, 
however, that the Society for the Promotion of Engineering Edu- 
eation took a great step forward when it accepted, at the Annual 
Meeting * in June, 1940, the recommendations + of the special 
Committee on Aims and Scope of Engineering Curricula. At the 
Round Table discussion at that meeting great hopes were expressed 
by Professor Thomas of the California Institute of Technology, 
who said : ‘‘ The objective of this Committee in formulating a repre- 
sentative and authoritative statement of aims and scope of engi- 
neering curricula is very timely and an identification and statement 
of aims should have a distinctly constructive influence upon 
engineering education in this country.”’ 

That the objectives of the Committee were not to be limited to 
expansion of such tool subjects as English composition and report 
writing is verified by the colloquy which took place at the Round 
Table. President Rogers addressed President Doherty: ‘‘I would 
like to ask a question of Dr. Doherty regarding the objectives in 
the humanistic-social stem, and I don’t mean by that in English 
composition, because I would rule that out and classify it with 
drawing and mathematics, but I mean the objectives of such courses 
as economics and sociology and psychology, literature and all of 
the humanities. We can’t hope to achieve any critical under- 
standing in the time available to us. In our objectives are we not 
primarily after points of view, attitudes, appreciations and tastes? 
I would like to ask if Dr. Doherty thinks it is consistent to work 
toward those objectives of such a nebulous nature in terms of 
eredit hours and grades.’’ 

* JOURNAL OF ENGINEERING EpucaTion, Vol. 31, pp. 322-357, December, 
1940. 

t Ibid., Vol. 30, pp. 555-556, March, 1940. 
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To this President Doherty replied with an emphatic ‘‘ Yes.’’ 

On the other hand, Secretary Bishop reported at the Round 
Table: ‘‘There are people who have read the Report who really be- 
lieve that the proposal is to postpone engineering education until 
after we have had four years for an A.B. degree.’’ 

Dean Moreland met this promptly by saying: ‘‘We do not and 
did not intend to convey any such impression. We intended to 
leave both the humanistic-social and the scientific-technological 
stems in force, and I think it is unquestionably the view of the 
Committee that the major emphasis will be on the scientific-tech- 
nological.’’ 

Such then was the tenor of the reception of the Report in June, 
1940. 

Some of us now would like to know whether or not the teach- 
ers of the humanistic-social studies in the engineering curricula 
feel that the recommendations of the Committee have had any 
tangible effect on the curricula in the engineering schools through- 
out the country during the three academic years which have elapsed 
since the publication of the Report. We would like to know, too, 
whether the war, or other factors, have erased those gains and 
perhaps more besides. With the encouragement of Secretary 
Bishop in April, 1943, a polling was instituted of seventy-five engi- 
neering schools whose teachers have been. known to be actively 
interested in the humanistic-social studies and in the work of the 
S. P. E. E. 

By the time these pages had to be sent to the printer, teachers 
representing thirty-nine schools had replied. Of these, teachers 
in ten schools said they thought that the Report of the Committee 
on Aims and Scope had had some tangible effect on the time allo- 
cated to the non-technical studies. Their comments are enlighten- 
ing and are quoted here to indicate the nature and extent of the 
influence of the Report: 


Entire program of humanistic and social studies reorganized on basis of 
Committee’s Report. 

Did not affect the required courses but widened the choice of electives, 
public speaking, psychology, military seminar. 

I think the Report has helped slightly. Although no new courses have 
been added, some engineering courses here have made it possible for more of 
their students to take public speaking. 

We increased the hours in freshman English from four hours for the year 
to six hours, and we expanded the work in English and languages in subse- 
quent years. 

Added since March, 1940, English literature three hours, speech three 
hours, history three hours, economics three hours, free electives six to twenty- 
one hours, of which not less than six must be in liberal studies, usually in the 
senior year, 
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Added Humanities I and II three credit hours each, to replace English 
literature of only three credit hours. 

Added report writing in 1941. 

Freshman English was changed to approximate the same course in Arts. 
The engineering freshmen now have a combination course in literature and 
composition—four periods a week. 

Complete reorganization of old ‘‘supporting courses’’ into codrdinated 
Departments of Humanities, old ‘‘practical courses’’ eliminated in favor of 
more truly humanistic-social band of studies. All this done concurrently 
with formulation of and publication ef Committee’s Report. 

Yes, stimulated courses in Masters of English literature, modern litera- 
ture, scientific and engineering biography. 





In seven replies of the ten reporting in the affirmative, subject 
fields other than English were mentioned as added since March, 
1940. 

Of the colleges which replied in the negative, six qualified their 
denial of the Report’s influence by adding: 


They (the recommendations of the Committee on Aims and Scope) prob- 
ably have made it easier for us to retain our normal time for non-technical 
studies during the present emergency. 

The total time given to non-scientific study is already so great—nearly 
twenty-five per cent of the hours required for graduation—as to give no war- 
rant for asking more. 

The recommendation has had less influence here because the engineering 
faculty has, for some time, been entirely convinced of the importance of Eng- 
lish. I think the recommendations insofar as they influenced, merely con- 
firmed the faculty attitude. 

The discussion which preceded the Report caused us to add courses in 
English literature. 

We included these studies before the Report was published, but I am glad 
you’re making this survey. I think it is important. 

The Report of the Committee, particularly that portion of it which deals 
with humanistic-social subjects in the engineering curriculum, was very sympa- 
thetically received. We liked it, partly because it seemed to us that the Com- 
mittee was saying to the engineering colleges generally what we had said to 
ourselves some time earlier. 


Adding the six qualified negative comments to those given 
above, it would appear that almost half the institutions replying 
would admit that the Report had caused reactions, direct or in- 
direct. In some institutions it resulted in changes in the curricu- 
lum ; in others it confirmed those already made. 

Of the ten colleges which reported having expanded their offer- 
ings in the non-technical studies since March, 1940, none reported 
that the war has caused their faculties to drop any courses in this 
group, although one informant noted: ‘‘There has been some talk 
of dropping all of the humanistic-social courses, but this has not 
yet been done.’’ Another observed somewhat fatalistically : ‘‘ Not 
as yet.’’ Still another: ‘‘There were none to drop except an oc- 





















































THE HUMANISTIC-SOCIAL STUDIES IN ENGINEERING EDUCATION 773 


sh easional elective.’’ One of the informants in this group wrote a 
postscript, ‘‘I welcome this sign of vigilance.’’ 
Of the twenty-three colleges which had not expanded their offer- 


ts. 


nd ings in this area, only two midwestern colleges reported that they 
had had to reduce their courses because of the war. One had to i 
. drop three courses in English of three hours per week and the 4 


other two courses in English of two hours. One informant from a 





= western college, replying in the negative, added a despairing foot- ‘ 
a- note: ‘‘Our western schools would appear to have no time for the 
humanities, either in war or in peace. The faculty ‘approve’ our | 
ot goals, however !’’ 4 
h, Although we are considering returns from only thirty-nine out 1 
of ‘the one hundred and forty-four schools where engineering q 
r courses are offered * there is no doubt that these replies have con- I 
siderable value and interest. | 
To be sure there are many other factors and influences besides | 
: the Report which have stimulated and sustained the interest of i 
engineering teachers in broadening the base of engineering educa- 
ry tion. The editorial policy of the Journal, which has made it pos- 
r- sible to carry on a running discussion of non-technical phases of } 
engineering education, has, no doubt, contributed much to a sus- 
. tained interest in this area. The report on Instruction In English 
In Engineering Colleges in June, 1940, under the chairmanship of 
President Elliot of Purdue has also been important. 
5 Moreover, up to the spring of 1943, except in a few engineering 
i institutions, the full impact of the war has not been felt. That 
is to say, the regular civilian curriculum has been maintained in- 
8 tact, generally speaking, with the thought that reorganization or 


curtailment of the civilian program could be postponed until acti- 
vation of the Army Specialized Training Program or the Navy 
College Training Program is assured. Nevertheless, it is gratify- 
ing to find in these informal replies of thirty-nine institutions that 
engineering faculties generally have not taken a panicky attitude 
4 and thrown out, prematurely, the non-technical courses. 
, Although the writer can offer no clean-cut statistical tables, the 
4 individual replies given above seem to justify the conclusion that 
the recommendations of the Committee on Aims and Scope, to- 
gether with the enlightened editorial policy of the Journal, rein- 
forced by the publication of such reports as the one cited above, 
all have functioned as catalytic agents and have accounted for 
sustained progress in the humanities during the last three chaotic 
: years. 
* Ibid., Vol. 33, pp. 4-10, February, 1943. 
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In looking to the future, one might venture to hope that the 
present pre-ocecupation of the young male population with the tech- 
nical aspects of engines of death and destruction may be amelio- 
rated for those who return to some educational program after the 
war by those faculties which have maintained their faith in the 
validity of the humanistic-social stem of studies. 

It has been predicted recently by an educational expert of the 
War Manpower Commission that ‘‘there will be a strong function- 
alization of the curriculum, with education asking industry what 
industry wants the teaching and training to accomplish. Voca- 
tional education in high schools will no longer be the step-child it 
has been in the past. The small colleges will need to study their 
areas and communities, and have the curricula so flexible that they 
can be adapted to the special needs of its own community.’’ 

Let us hope that this predicted post-war orientation of Ameri- 
can education toward immediate objectives in industry, commerce, 
and the business of earning a living, imposed on several years of 
mechanical training in the Army, will not leave us a nation of 
robots without an appreciation of spiritual and social values. A 
nation of trained instead of educated persons, a nation equipped 
with techniques but without wisdom cannot cope successfully with 
the perplexing array of problems which will face the post-war 
world. 
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SLIDE RULE APPLICATIONS TO ALGEBRAIC 
EQUATIONS 


By ANDREW R. WEBER 
Professor of Mechanical Engineering, University of Dayton 


Ordinarily the slide rule is used in the solution of formulae 
whose terms and factors can be replaced by numbers. From its 
common use and from the logarithmic construction of its scales, 
the slide rule is thought of as a calculating and computing instru- 
ment, performing such processes as multiplication, division, involu- 
tion, and evolution. However, the slide rule can adapt itself to 
the solution of the quadratic and cubic equations despite the fact 
that additions and subtractions are included with other fundamental 
processes in solving algebraic expressions of the second and third 
degree, whether by means of the standard algebraic methods or by 
means of the slide rule. In the present treatment, only the real 
roots of the quadratic and the cubic equations will be found on the 
slide rule; though it is thought that the complex roots can also be 
obtained. As yet this has not been achieved nor has the solution of 
the quartic equation been accomplished. 

The process of solving the quadratic and cubic equations on the 
slide rule is one of trial and error. This fact does not militate 
against the slide rule procedure in obtaining the roots of algebraic 
expressions since the trial and error method is an accepted mathe- 
matical method that is used in various applications. Neither does 
the objection of slide rule inaccuracy bear weight. In many cases 
the roots of algebraic expressions as obtained by mathematical 
methods are unending decimals which are carried out to the third, 
fourth, and perhaps the fifth digit. An experienced operator can 
duplicate this required accuracy on the slide rule. 

Using the slide rule in solving algebraic expressions presupposes 
knowledge of the theory of equations which imparts information 
as to the character of the roots sought. Applying the discriminant 
of the quadratic and that of the cubic, one can predict the nature 
of the roots of the given equation whether they are real and equal, 
real and unequal, real or complex. It is also from our knowledge 
of the theory of equations that we can determine the signs of the 
roots obtained from the slide rule. As is the case in algebraic 
methods, the roots found must be checked by substitution in the 
original equation, so likewise in the case of slide rule procedure, 
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substitution of the roots found must be done in the given equation 
to select the true from the extraneous values. The former con- 
stituting the roots are retained, while the latter are rejected. 

The slide rule procedure is an efficient method for solving 
algebraic equations and may replace the more laborious solutions 
as the Hindoo method, the formula method, Horner’s method, ete. 


SOLUTION OF THE QUADRATIC EQUATION 


Algebraic Theory Involved. 
The standard form of the quadratic is given by: 


z+ pr+q=0 
the roots of which are: 
“$+ 7S 
71 = 2 ; 


By the addition and multiplication of these roots we get: 


— p— Vp — 49 
and, n= 2 : 








Xi + %2 = — PY; 


z.e., the sum of the roots of the quadratic is equal to the coefficient 
of the variable in the first degree with its sign changed, and 


Mt. = +4; 


z.e., the product of the roots of the quadratic is equal to the constant 
of the equation. 
In absolute representation of the roots, we have by: 


addition [a1] + [ae] = [p], if q is positive; 
subtraction [2] — [22] = [p], if q is negative; 
multiplication [a1 ][a2] = [q]. 


From the discriminant, we know that when: 
p? — 4q = 0, the roots are real and equal; 


p? — 4q = a positive quantity, the roots are real and unequal; 
p? — 4q = a negative quantity, the roots are complex. 


With this fore-knowledge of the nature of the roots to be found 
the solution of the quadratic can be readily accomplished on the 
slide rule. 


Stipe Rute SETTINGS 
Let : 
+ pr+q,=0 (1) 


be the equation whose roots are to be found. This equation can 
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be changed to the form: 
(xJ[z + p] = [9] , (2) 
in absolute values. 


The left member of equation (2) constitutes a product of two 
factors, x and (x + p), and it is possible to find this product on the 
slide rule in the same manner as any simple multiplication is accom- 
plished on scales C and D. 

If the index of scale C is set to x on scale D and we shift the 
indicator to (x + p) on scale C, then to the logarithmic length of z 
we are adding the logarithmic length of (x + p), and the multiplica- 
tion of the two factors is effected. 

But z(z + p) = q according to equation (2); therefore, the sum 
of the logarithmic lengths of the two factors equals the logarithmic 
length of gq. 

In solving xz? + px + q = 0 on the slide rule, the preceding 
discussions are carried through in reverse order, t.e., the logarithmic 
length of q is broken up into the logarithmic length of xz and that of 
(2 + p) in such a way that (x + p) is below the hairline of the 
indicator and the index of scale C is in alignment with z on scale D, 
as is illustrated in the following figure: 





cfa (x # p) 
Dj x q 








From the slide rule setting two things are easily observed, namely, 


1. the product of x and (x + p) is equal to q; and 
2. the difference of (x + p) and z is equal to p. 


Since x and (x + p) fulfill the necessary conditions of the roots of 
the quadratic according to algebraic theory, they must be the 
desired roots of the given quadratic. 

For the equation z? + px + q = 0, p represents the sum of the 
roots. Therefore, setting the rider to qg on scale D, the slide is 
moved until the number of scale C below the hairline of the indicator 
and the number on scale D in alignment with the index of scale C: 


amount to p, if g is positive; and, 
differ by p, if q is negative. 


The numbers thus found are substituted in the original equation 
and if they satisfy the conditions of the equation they are the 
roots sought. If the equation is not satisfied these numbers are 
extraneous roots and are rejected. Of the several pairs of numbers 
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obtained one combination will give the true values of the roots for 
the given equation. The signs of the roots are determined by the 
following considerations: 

a. Having found the absolute values of the roots, the roots are 
given signs such that when changed to factors and the factors are 
multiplied together the original equation is obtained. 

b. After the roots have been changed to factors, the signs of 
the constant terms of the factors should be such that when multiplied 
algebraically together the sign of g of the original equation results, 
and when added algebraically together the sign of p of the original 
equation is obtained. 

c. Both roots have the same sign, positive or negative, if q¢ is 
positive; and they have opposite signs if g is negative, the numeri- 
cally smaller root having the same sign as p. 

In a comparative study of the following equations: 


v2+pr+q=20, (3) 
“? — pr +q = 0, (4) 
z+ pr—q=0, (5) 
av — px —q = 0, (6) 


we find that the roots of equations (3) and (4) are numerically the 
same but opposite in signs; also, the roots of equations (5) and (6) 
are numerically the same but opposite in sign. Further, it is to 
be noticed that the roots of equations (3) and (4) are extraneous 
values for equations (5) and (6); and those of (5) and (6) are extra- 
neous roots of equations (3) and (4). As it is possible to find several 
combinations of numbers on scale C and scale D when solving an 
algebraic equation, the roots of the alternative equations (3) and 
(4) and those of (5) and (6) can be found by means of the slide rule. 
However, checking for real values of the desired roots becomes 
doubly important. 

By using the CI scale in conjunction with scale D, the solution 
of the quadratic equation is simplified for the reason that the roots 
thereof are in alignment instead of being found at two different 
parts of the slide rule. Should the slide rule carry no CI scale, 
the slide may be withdrawn from the guides, turned through 180° 
and then re-inserted between the guides. Scale C is now inverted 
with respect to scale D; however, there is this disadvantage of the 
numbers imprinted on scale C being upside down. Familiarity 
with this combination of scales CI and D will soon overcome the 
disadvantage referred to. The slide rule setting for this alternate 
method is stated as follows: 
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Set the index of scale CI to g on scale D; shift the indicator 
until a pair of numbers below the hairline, one on scale CJ and the 
other on scale D, summate to p. These numbers are the roots of 
the given quadratic. 

. This method is illustrated in the followingjfigure: 








orl (x 7 ph 
| q x i Po 





It must not be forgotten that the numbers imprinted on scales C, 
CI, and D have relative value only; hence, evaluation is in order. 
The decimal point is located properly by inspection from the knowl- 
edge of the theory of the quadratic. 


ILLUSTRATIONS OF SLIDE RULE SOLUTIONS 


Before proceeding with specific examples illustrating the solution 
of the quadratic equation by means of the slide rule let it be re- 
marked: 


1. That the discriminant be applied to the quadratic to deter- 
mine the nature of its roots. 

2. That the quadratic must be in the p-form before attempting 
its solution on the slide rule. 

3. That the larger root is read on scale C or scale CI, and the 
smaller root is read on scale D. 

4. That the numbers read from the scales are evaluated by in- 
spection or by any other accepted method. 

5. That the roots found be given their proper signs. 

6. That the roots obtained be checked by substitution in the 
original equation. 


1. 2? + 52 +6 = 0. 
First Method, using scales C and D. 





AR 3 
>| 2 








Procedure: 

Set the hairline of the indicator to 6 on scale D. Shift the slide 
so that 3 on scale C is below the hairline, and 2 on scale D is in 
alignment with 1 on scale C. The roots are: (— 3; — 2). 
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Second Method, using scales CI and D. 





3 rlcr 
6 








¥a 

Procedure: 
Set the index of scale CI to 6 on scale D. Shift the indicator to 
3 on scale CI which is in alignment with 2.0n scale D. The roots 


are: (— 3; — 2). 
2. 2a? + 7x + 6 = 0; or, 2? + 3.52 + 3 = 0. 
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The roots are: (— 2; — 1.5). 
3. 42? — 15a — 4 = O; or, 2? — 3.75¢4 —1=0. 


























The roots are: (4; — 0.25). 








RESEARCH AT A GOVERNMENT ARSENAL IN 
COOPERATION WITH UNIVERSITIES * 


By LT. COL. L. 8. FLETCHER, Frankford Arsenal 


It has been a common assumption for years that a large part of 
the research carried on in our colleges and universities has, for the 
most part, been erudite and abstract to a degree that, for all prac- 
tical purposes, relegated it to the realm of the metaphysical. This 
has been due to the effort on the part of the educator to prepare 
reports which are worthy, in the classic sense, of the college or in- 
stitution which he represents. This requirement is one which has 
always been difficult for the engineer to understand. To the engi- 
neer, a report which is readable, easily understood and specific, 
and which appears even simple, is highly desirable. Many of the 
reports coming from academic institutions seem to indicate that 
their authors feel that simplicity is something to be avoided rather 
than to be desired. Nevertheless, a close review of the work ac- 
complished in recent years reveals a great deal of valuable and 
practical information hidden in the numerous reports, articles and 
other publications coming from the colleges of this country. This 
information should be made immediately available to everyone in 
the war program who can utilize it. Closer codperation between 
government and university laboratories is one specific way in which 
this can be accomplished. Some of this difficulty is offset by pub- 
lieation in technical journals but only a very small amount of this 
information is ever published, and the date of publication usually 
is months after valuable information has become available. 

It is my purpose to outline the type and extent of codperation 
which is now in actual operation between the staffs and laboratories 
of some universities and government laboratories, Frankford Ar- 
senal in particular. I propose to be as specific as circumstances 
will allow as to the types and fields of research in which the uni- 
versities can and do contribute a highly valued part and to outline 
methods of administering such codperative researches and codrdi- 
nating them with government laboratories, again specifically, those 
of Frankford Arsenal. I propose also to be specific as to how the 
universities can be of even greater assistance. 

There are three ways by which university and arsenal contracts 
are handled. The first is by direct contract with the university 

* Presented at the 50th annual meeting, S. P. E. E. (Research), New York 
City, June 27-29, 1942. 
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outlining the problems to be solved and asking their assistance, the 
second is by contract through the NDRC and the third is the occa- 
sion where the independent researcher seeking subject matter for a 
thesis or paper chooses some phase of a defense problem of his own 
accord. 

In discussing this type of codperation with those who are in- 
terested primarily from the point of view of the Arsenal one fact 
is always emphasized and it is perhaps desirable to make this clear 
at the very beginning of this report. That fact is the reluctance 
of the academic mind to permit information to be given out be- 
fore it is absolutely proved or when it may still be open to the 
slightest doubt. This position is ordinarily admirable but, at the 
moment, it is more important that information be made available 
so that every one working on facts of the same problem may have 
the benefit of it. Even though there is a chance that information 
is lacking on one or two phases, even though the program be not 
complete in its coverage, something of vital, immediate importance 
may be covered in one of the smaller aspects of the investigation. 
That knowledge is of no value when it lies in the laboratory files. 
Those supervising and reviewing the work must use their imagina- 
tions to ferret out the nuggets that may be half exposed or com- 
pletely buried in the data and some one with the industrial point 
of view must have an opportunity to review the results with an 
eye to their practical utilization. There must be a willingness to 
compromise as between the perfect and the practical. 

It should be emphasized that some of the primary needs have to 
do with practical application of known principles of science rather 
than the exploration of new fields. Naturally this requires men 
who have a background of practical engineering experience, as 
well as men with the purely academic viewpoint. Sad as it may 
seem, even practical men of business sometimes take on the aura 
of academic halls after turning from business to academic activities 
for a few years. They fall into the habit of thinking academically 
instead of practically—as so well they once knew how. 

By all this I mean that the investigator, regardless of his back- 
ground, often loses sight of the limitations imposed upon the ap- 
plication of his work by economic considerations. For instance, 
it can be shown that in drawing a tube excellent results may be 
obtained using multiple dies where the spacing between the dies 
exceeds the length of the tube to be drawn. However, the engi- 
neer must turn this fact into length of stroke required in the ma- 
chine, the unsupported length of punch required to guide the work 
through successive dies, and must evaluate this decrease in pro- 
duction per machine and the increase in tool upkeep cost against 
the gain from improvement of the technique. It might be that a 
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closer spacing of the dies, while not giving the full advantage 
shown in the research laboratory, would give all the advantage 
that economics would allow the engineer to use advantageously. 
These compromises are the points at which the industrial and the 
academic points of view often clash. 

At this point I would like to discuss the present activities of 
the Arsenal laboratories. Normally, some basic research is under 
way most of the time. Unfortunately, with a war to win and a 
desire to put all of our efforts into winning this war, much of our 
basie research has been abandoned for the time being, in favor of 
applied research that might be termed more precisely, industrial 
engineering. The Army is therefore, more and more dependent 
upon universities and industrial laboratories for amplification of 
the research aspects of its many problems. Frankford Arsenal, 
for instance, is the Ordnance Department’s center of non-ferrous 
metallurgy and is deeply interested in this field and would wel- 
come any contributions which college and university laboratories 
could make to the many sided problems involved. The study of 
ballistics takes us rather deeply into the field of physics. The 
study of powders, propellants and explosives, as well as oils and 
lubricants, takes us into the fields of chemistry. The study of 
metals and their actions takes us deeply into the field of metallurgy 
and numerous design problems require work in the various fields 
of engineering. All of the Arsenals are faced with many programs 
of design which take them into the mechanical and electrical engi- 
neering fields. In handing out these assignments, new equipment 
and new methods of measuring bullet velocities and powder pres- 
sures have had to be developed. This is illustrated by the original 
work being started on the use of the recently developed high speed 
X-ray equipment in the study of armor penetration. 

Much of the work in the Arsenal is a type that may take an 
individual problem into several fields of science. An interesting 
example of this is the work under way leading towards the devel- 
opment of specialized greases for both high and low temperature 
application. This requires the combined activities of the physicist, 
the chemist and the mechanical engineer in an effort to provide 
adequate tests to insure the usability of ordnance material under 
the extremely varied conditions met with in the field. These con- 
ditions are wider than ever before because of the broad geographical 
extent of the present war and because, as has been aptly said, the 
war is three dimensional, being fought on the land, in the air, and 
under the sea. 

With these new factors to be considered and a picture changing 
almost from day to day there is nothing static about the situation 
and one of the primary requirements of the Arsenal’s contribution 
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is the anticipation and development of ways of meeting the new 
necessities. Lubricants for high altitude use must, for instance, 
have exceptional stability at both low and high temperature and 
must be satisfactory in operation at extreme temperature ranges. 
Part of this work is in conjunction with the Navy and representa- 
tives of the two services have met to consider the problem. 

To illustrate the types and extent of codperation already in 
existence between Frankford Arsenal and some universities it is 
desirable to review briefly some of the problems in the solution of 
which such codperation exists. At the University of Pennsylvania 
work is progressing on high speed deformation of copper. Dr. 
Seitz, who serves in the capacity of consultant at the Arsenal, knew 
that the University was building a high speed testing machine to test 
properties of metals at very high rates of speed. He immediately 
saw the application in ballistics where some such new test method 
was badly needed since copper pressure cylinders and Piezo gages 
have for some time been known to disagree. The matter was dis- 
cussed at some length, it was decided to attack the problem and the 
matter was handled in a routine manner which will be discussed 
later. 

Another very satisfactory contract has been that with the Case 
School of Applied Science on the improvement in technique of 
drawing brass and the theories on which these improvements are 
based. Most recently the work has practically confined itself to 
the technique of drawing steel. This has been a very satisfactory 
and convenient way to handle the matter and Frankford Arsenal 
considers the contact very valuable. One of its most satisfactory 
phases is the fact that, while Case has considered the problem in 
its entirety, they have shown themselves able intelligently and 
expeditiously to handle any small facet of the problem as it was 
presented, results have been quick to arrive and, all in all, have 
been most satisfactory. In this instance, while the contracts were 
approved by the Ordnance Office, they have been made directly 
with the school itself by Frankford Arsenal. 

Another problem in which university laboratories could be very 
helpful is a study of the theoretical aspects of the mechanics of 
oxidation of red phosphorous. Work on red phosphorous at 
Frankford Arsenal has probably progressed further than anywhere 
else because of necessity. With the background we have on the 
subject it would not be practical to contract for general research 
on this problem. However, due to lack of space and a consequent 
inability to take on more people, it would be very desirable to con- 
tract for limited, specific problems pertaining to the larger investi- 
gation, such as the rate of oxidation under specific conditions, 
analytical methods for determination of oxidation products, ete. 
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Frankford Arsenal has a highly theoretical problem in energy 
determination as related to armor penetration and, because of the 
satisfaction with the Case contract a similar one was entered into 
with Dr. Swan of Franklin Institute. The Arsenal is anticipating 
a very valuable addition to its accumulation of vital technical in- 
formation. 

There have been occasions when the Arsenal desired to institute 
codperative projects which were too short to justify contracts. In 
these cases it has been possible to institute informal contracts. For 
instance, we have frequent consultations with members of the staff 
at the University of Pennsylvania and at Princeton. One in par- 
ticular is on the mechanics of armor penetration. 

Occasionally and informally the universities do, at our request, 
a specific piece of work for which we are not equipped. We have 
no hesitation in going to any of them personally. With practically 
no exception, they have answered specific questions clearly and 
promptly. 

However, it is necessary to speak plainly for a moment about 
some of the difficulties involved in university and government co- 
operation. As in all walks of life there are some persons who are 
interested primarily in self aggrandizement. Therefore, because 
much of the work to be done is confidential and secret and cannot 
be publicized, there is a tendency on the part of some few to lack 
of interest. There is also an occasional tendency to do only a little 
work and then write an imposing thesis. This is not only unac- 
ceptable, it is positively dangerous. The information that an ar- 
senal requires must be based on the firmest of facts obtained 
through exhaustive test procedure. Without wishing to be the- 
atrical, it is not amiss to remind ourselves that human lives are de- 
pendent on the reliability of these tests and neither personal glori- 
fication nor academic advancement can be allowed to interfere. 

In a few cases, in contemplating work on a problem, the univer- 
sities have visualized and asked for what amounts to ideal condi- 
tions and equipment and have seemed unable, or at least unwilling, 
to grasp the possibilities of using and adapting equipment already 
available. Equipment of any kind is so valuable these days that 
it must all be utilized to the absolute limit. 

Another difficulty has been that of obtaining adequate and 
prompt partial reports. We know that these reports are burden- 
some to the investigator and they are difficult to get out of any 
laboratory. However, a laboratory must remember that its produc- 
tion can be measured only in the amount of information which it 
makes available to the other man for his use. It is recognized 
that sometimes as much as fifty per cent of a man’s time may be 
spent on the very laborious and uninteresting part of the work, 
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the bugaboo of preparing a report to make his information avail- 
able. Some of the delay in obtaining these reports is, of course, 
due to governmental and institutional red tape. However, efforts 
should be made by everyone to emphasize the necessity for cutting 
this red tape and rendering adequate and frequent reports for the 
work accomplished. 

The faults are by no means one-sided. That it may seem so 
from our point of view is due, perhaps, to the fact that the uni- 
versities seem sometimes to have been slow to drop their usual aca- 
demic research procedure. Perhaps this has been because they 
did not recognize the seriousness of the present situation and not 
only the advisability but the necessity of adopting methods of 
which they did not entirely approve rather than run the risk of 
the probable loss of all opportunity to do any free research as 
would be the case were we to lose this war. 

Although these difficulties have, from time to time, delayed or 
interfered with the progress of the researches involved, generally 
speaking they have been overcome with a minimum of effort. 
Greater value has accrued through the codperative effort than would 
have been possible had the arsenal and university researchers 
worked independently. It is certain that, with the continued al- 
truistic and cordial codperation of university and government lab- 
oratories greater accomplishments are assured. Perhaps only a 
little more imagination on both sides is needed to contribute a vast 
addition to our mutual present and future efforts. 

It may seem to some or all of you that the attitude of Frankford 
Arsenal Laboratories overly stresses the practical treatment of re- 
search and the necessity of early reporting of information but it is 
vital to the future of our nation that we be realistic. The universi- 
ties have shown their readiness and ability to carry on codperative 
research. An even more intimate codperation undoubtedly will be 
essential to assure that nothing will be omitted or overlooked that 
may aid in any way in bringing this war to a successful conclusion. 


DIScuUssION 


L. M. K. BOELTER 


University of California 


Interdepartmental Research 


This discussion will include two points which appear to me to be 
important in this connection. 

First—the present organizational units or departments of a 
University tend to restrict research progress. Nature does not 
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usually divide systems into separate force fields (thermal, mechan- 
ical, magnetic, ete.). All are effective simultaneously in a given 


, system. The present departmental and divisional units in an engi- 


neering college (or still better in the University) are however based 
on traditional or quasi-historical grounds. 

The research tasks now imposed upon the staffs of M. E. de- 
partments require techniques which go far beyond the usual train- 
ing of the mechanical engineer. I shall present an example. Most 
systems which have been studied in the past include periodic and 
transient terms but so far we have been satisfied to measure an 
approximation to the time average. But we can no longer be con- 
tent with these results. For instance, the pressure drop in a line 
experiencing pulsating flow (manifold) can be evaluated only if 
the periodic velocity and pressure are measured as a function of 
time. These measurements usually require the technics of the field 
of electronics. Electronic circuits employed for mensuration pos- 
sess constants much different from those used industrially and 
otherwise. 

By means of this example and the previous discussion I trust 
that a point can be made which resolves itself into a plea for the 
unity of physical science. Much of our energy has been devoted 
to breaking engineering science down into relatively artificial com- 
ponents. Should not a similar amount of energy be directed toward 
the synthesis of engineering knowledge? 

One suggestion would be that each curriculum contain a course 
in which all fields of physical science are discussed and presented. 
Such were the courses entitled ‘‘Mathematical Physics.’’ The 
engineering course would employ different illustrations and utilize 
different modes of solution but the end which stresses the ‘‘unity 
of science’’ would be paramount. 

Second—a pressing problem with respect to research in the 
U. 8. A. is to properly apportion the task among the various groups 
involved, the governmental agencies, industrial concerns, and the 
universities. The arrangements must be perfected without coer- 
sion. It would appear that the universities should lead in any 
program of research. Too often now (in engineering) they appear 
to follow industrial and governmental leadership. Also because 
of the extent and complexity of our social organization much dupli- 
cation of research effort results. New laboratories have been es- 
tablished lately in which the activities are merely an extension of 
those already well on the way in other laboratories. Adequate 
funds in the original laboratory would have facilitated the early 
conclusion of the program. More adequate clearing houses for re- 
search results seem to be essential. Are the engineering societies 
adequately performing this function ? 
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Another interesting phenomena is the advent of the ‘‘pure’’ 
chemist and physicist in the field of developmental research during 
this period of stress. A casual observer is driven to the conclusion 
that for them the research or development engineer hardly exists. ° 
Many of the footprints already made by the engineer are not and 
will not necessarily be used. 

It is my hope that the S. P. E. E. Research Committees will serve 
as a levening influence in the field of engineering research and its 
periphery. The present crisis and the period to follow will set the 
direction and the pace of this activity. Are we started sanely and 
correctly ? 


New Processes for Old Ones in War Time 


A. W. HIXSON, Columbia University 


In modern all out global warfare when the nation’s life is in 
great peril and when the very foundations of civilization are 
crumbling everywhere the country must use all of its energy and 
all of its possessions to support two great armies—a combat army 
and a production army. In such a time industry must largely lay 
aside its normal peace time activities and use its facilities for the 
mass production of highly specialized and efficient instruments of 
destruction and materials for the support of the combat armies. 
In the conversion to war time service industry must meet new prod- 
uct specifications and output demands that tax existing manufac- 
turing facilities beyond their limits. Normal supplies of raw ma- 
terials are shut off or drastically limited. New raw materials must 
be used. Old processes must be adapted to their use or abandoned. 
New processes must be developed to supplement the old and new 
plants must be designed and built to operate them. In short, many 
of the traditional processes of peace time industry have been or 
are being pulled up by the roots or have had new processes grafted 
on the old roots. Many plants operating old processes have been 
shut down and will never open again unless entirely new uses can 
be found for them. The production army front is just as fluid 
as the combat army front. After every engagement there is a new 
demand for a new product or for a modification of the old. This 
is true of the whole gamut of war supplies. Industry must meet 
these changing demands promptly. Inasmuch as many of the 
products and the processes of manufacture are essentially chemical 
in nature the problem of maintaining a fluid production army 
front has caused an increasingly heavy demand for well trained 
chemical engineers. The great demand is for men who are not only 
well trained in the fundamental sciences and principles of chemi- 
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ical engineering but also in the principles of research and experi- 
mental techniques. The government laboratories, the army, the 
navy, the industries, the research foundations and institutes call 
repeatedly and insistently for chemical engineers, with clear vision 
and bold imagination, who can conceive and develop new processes 
to take the place of the old ones to meet the war time demand. 
Such are the drastic changes which the chemical industries are 
undergoing and the new demands upon the chemical engineering 
profession. 

How long the industrial dislocation will continue, what addi- 
tional changes will take place and what the ultimate result will be, 
no one knows. We do know, however, that we are in the midst of 
the most profound world wide, social, political, industrial and gen- 
eral economic upheaval in the history of civilization. Lesser up- 
heavals in the past have sharply changed the direction of future 
developments. That this one will do likewise there is little doubt. 
What effect will this change have on the course of development of 
the chemical engineering industries and on the chemical engineer- 
ing profession in the future? The longer the war continues the 
more complete the dislocation will be. What kind of training will 
the chemical engineer of the future need to cope with the new 
requirements? On what phases of his training will there need 
to be a shift in emphasis? How will this chemical engineering 
curriculum have to be changed to meet the new emphasis? What 
new requirements will there be for the teaching profession in 
chemical engineering education? There are signs and omens in the 
dark clouds of this cataclysmic storm and straws are drifting with 
accompanying winds. What future developments do the omens 
portend and what direction do the straws indicate they will take? 
When the war is ended will there be a sudden transition back to 
the old normal conditions? I think not. 

The reconversion to normal industry will be slow at first. Time 
will be needed to determine what course new industrial develop- 
ments must take. There is likely to be much unemployment 
among professional men as well as laborers during this period of 
adjustment with attendant social disturbances. The new normal 
will be very different from the old normal. Many manufacturing 
processes which had a stable existence in the old order will not be 
supported by the new economics. They will have to be greatly 
altered or scrapped. Competent authorities are convinced that the 
automobile industry has passed its peak. It is believed that some 
of the largest producers in the industry will not re-enter it. Many 
of the industries which depended largely on the automobile in- 
dustry will have to point their activities in new directions. The 
rubber industry will be very different in the future. Profound 
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changes will have to be made in the petroleum industry if it ex- 
pects to maintain its dollar and cents position in the American 
industry of the future. It will undoubtedly become more of a 
chemical industry than it has been. The rapid development of 
aerial transport of freight, as well as passengers, will have a pro- 
found effect on all human institutions and relationships as well as 
on industry. The social, scientific, economic and political implica- 
tions of this development are boundless. The relationships be- 
tween great central power developments and industry will be dif- 
ferent. Aluminum in America will not be made largely from 
imported bauxites which have to be beneficated in one part of the 
country and then shipped to remote power sites for conversion 
to the metal which then has to be reshipped great distances for use. 
It will be made from domestic high grade clays located near power 
sites. The manufacture of Chlorine will not be tied to large power 
developments and to the co-production of caustic soda as at present. 
It will be produced in simple small units as from salt and sulphur 
without the use of large amounts of power in the localities where 
the products are needed with the elimination of transportation costs. 
The manufacture of titanium pigments will not depend upon the 
transportation of ilmenite from Tranvancore, in India, but will be 
produced from domestic titaniferous magnetites with the simultane- 
ous production of magnetite of sufficient purity for use in the manu- 
facture of steel. This notable achievement will be in full swing 
in thirty days. This may bring about an important change in 
the geography of the domestic iron and steel production as well as 
in the titanium pigment industry. Researches well under way at 
this time will undoubtedly result in the development of new power 
sources and in new methods of using the resultant energy. Such 
a development may well sharply alter the whole course of civiliza- 
tion. Researches now in progress may result in discoveries that 
will nullify or limit the use of the present day types of explosives 
in war fare. That is not an idle dream. The sudden shut-off of 
the foreign sources of supply of strategic metals of which we have 
very limited or no domestic reserves is bringing about a new alloy 
metallurgy involving the use of trace elements and their com- 
pounds and new methods of assembly and alloy components into 
finished products with unusual useful properties. The introduc- 
tion into process metallurgy of a new separation technique involv- 
ing the use of cheap organic solvents with high selective specificity 
will make profitable the working of low grade mineral deposits for 
the production of aluminum, vanadium, tungsten, molybdenum, 
chromium, uranium and perhaps radium and most of the common 
metal. The development of new materials of construction for 
chemical process machinery is at this moment bringing into indus- 
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try the practical use of processes heretofore considered impossible. 
The use of these materials for the construction of heat transfer 
apparatus, reaction vessels, evaporators, stills, filters, ete., for 
handling extremely corrosive substances in wide temperature ranges 
is opening many new fields for chemical process development. 

These are only a few of the new courses of development in the 
manufacturing side of industry that could be enumerated. On 
the other side of industry great changes are taking place in the 
relationship between capital, labor, the public, government and the 
professions. Whether we like it or not the trend is toward more 
socialization than in the past. Considerable progress in this di- 
rection has already been made in the public utility industries, in 
the field of medicine, public housing and private home construc- 
tion, and in agriculture. The tax supported agricultural agent 
and farm consultant in every county is well known. That such 
socialization may extend to the chemical engineering profession 
is more than a possibility. Several large cities which are indus- 
trial centers are now considering the proposal to set up tax sup- 
ported consulting engineering departments in the municipal gov- 
ernment framework. Recent decisions of the superior courts 
definitely limiting the value of patent protection is a straw in the 
wind of socialization. All of these changes combined will result 
in a new economic framework on which the chemical and other 
engineering industries of the future will depend and in which the 
chemical engineering profession will have to work and serve. 

The methods of sales and distribution of manufactured products 
will be different. New elements will enter into cost determination 
and new methods will be prescribed for cost accounting and com- 
pany reports. The government will more than likely prescribe many 
new techniques for the whole field of business management and 
administration. These may be very complicated in the chemical 
engineering industries. There will undoubtedly be a greater trend 
toward the decentralization of industries in the form of smaller 
manufacturing units. I believe that individual initiative and 
private enterprise will be encouraged and that the economic haz- 
ards of starting and operating small business enterprises will be 
largely removed by new stabilizing agencies of semi-governmental 
nature such as industrial loan corporations, similar to the present 
Home Owners Loan Corporation and the Agricultural Loan Cor- 
poration. Obsolescence in all branches of the industry, particu- 
larly in the processing branch, will likely run at a much higher 
rate than in the past. The rapidly recurring costs of replacement 
may have to be handled by obsolescence insurance agencies subsi- 
dized by the government. There will be many changes in the 
American ways of living. New structural materials and new meth- 
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ods for their assembly in small units will bring in new and different 
types of housing. The chemical engineer will have a greater part 
in this than in the past. The general introduction of the small 
family size helicopter plane with a small automobile as an acces- 
sory for shopping purposes may have a wide effect in industry. 

The omens in the skies and the straws in the wind seem to indi- 
cate that the industrial norm of the future will be very different 
from the old one. That the new era will require chemical engi- 
neers to have new knowledge and new abilities is certain. New 
processes for old ones in war time? Yes, but of as great and per- 
haps more importance to him will be his ability to originate, de- 
velop and operate new processes for old ones in the future under 
the new fluid normal conditions. He will have to be a man of 
much broader training than the chemical engineer of the past. He 
will have to have a more thorough training in the fundamental 
sciences and in the principles of chemical and allied engineering 
than in the past and will have to know more about their practical 
applications. Much greater emphasis will have to be placed on 
training in the principles of research and experimental techniques 
for he will be called on more and more for creative research and 
development work. If he is to achieve a high professional devel- 
opment in this field he will have to know much more than in the 
past about equipment design, plant design, process control and 
plant operation, industrial economics, business management, plant 
administration, sales engineering, public engineering and public 
relations, labor relations, corporation law and finance. As a foun- 
dation for all of this, if he is to be a leader in his profession or 
even make a reasonable success, his professional training must have 
as a foundation a good liberal education in cultural and humanistic 
subjects. There will be much less chance for success than in the 
past for the handbook type of chemical engineer whose training 
consisted of standardized, formalized and stereotyped instruction 
in the various subjects of the curriculum which has characterized 
much of our engineering training. The use of dead textbooks 
and stereotyped instructional methods by incompetent or lazy 
minded teachers will not produce chemical engineers who can cope 
with the future. Instruction in any subject which does not inbue 
the student with the spirit of research and teach him its methods 
and the methods and practice of creative thinking is a waste of 
time and money. Inspiring teachers, of course we must have them 
—After an experience of more than thirty years of teaching, re- 
search, and extensive consulting practice in the field of chemical 
engineering it is my considered judgment that no teacher can long 
be inspiring or have any considerable constructive influence in 
chemical engineering education (or in any kind of engineering 
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education for that matter) who does not have a research program 
on which he continuously works, and publishes. I frequently hear 
men complain that they do not do research because their teaching 
loads are too heavy. That, in my opinion, in most cases, is the ex- 
ceuse of a lazy man or of one whose research initiative is dead. 
Such a man, in my opinion, has no place on the staff of a modern 
and dynamic chemical engineering department which hopes to 
train efficient chemical engineers for the future. After the war is 
over the demand for advanced studies and graduate training in the 
the methods and experimental techniques of research in chemical 
engineering will, in my opinion, increase greatly. Have I inter- 
preted the signs and omens and the drifting straws correctly? You 
must be the judges—New processes for old ones for war time and 
for the new peace time—Yes—and chemical engineers with new 
visions, new capabilities, new human understandings and new de- 
terminations to lift their profession to new heights of achievements 
in a democratic society of free people. 








SAFETY IN INDUSTRY * 


By MYRON A. SNELL 


Supervising Engineer, Hartford Accident and Indemnity Co., Hartford, Conn. 


INTRODUCTION 


In 1941 industrial accidents were responsible for 18,000 killed, 
70,000 permanently disabled, and almost one and one-half million 
temporarily disabled. This modern tragedy resulted in a direct loss 
of’ $850,000,000, enough to build 12 modern battleships of the 
‘North Carolina’’ class, costing seventy million dollars apiece. 
Staggering as this loss appears, it does not include the large addi- 
tional cost of indirect and related losses suffered by the employer, 
the worker, his family and society in general, losses which can never 
be regained. In addition, there is no way of measuring in dollars 
and cents the tremendous physical suffering and mental anguish of 
the worker and his family and friends. Black as this picture ap- 
pears, when compared with the industrial accident situation of 
many years ago, we are encouraged by the progress that is being 
made by modern accident prevention methods. 


History or ACCIDENT PREVENTION 
THE BirtH or INDUSTRY 


Although James Watt is supposed to have invented the steam 
engine in 1776 the ‘‘ Age of Power’’ was not born until the early 
19th century in England. However, before the birth of industrial 
safety, several generations of workers were in contact with mechan- 
ized industry under conditions so bad that they nearly defy de- 
scription. While living conditions in Manchester, England, and 
other early industrial cities were extremely bad from every stand- 
point, factory conditions were far worse. They were little more 
than narrow-aisled, low-ceilinged shacks where the light, ventila- 
tion and sanitation were wretched. The majority of the workers 
were women and children, slaving under these miserable conditions 
for 12 and 14 hours a day. Guards and safety devices for machin- 
ery and equipment were unheard of. Disabling injuries and acci- 
dental deaths were the rule. Little attention was paid to industrial 
accidents, practically all of which were considered ‘‘ Acts of God.’’ 

* Presented at the 50th annual meeting, S. P. E. E. (Chemical), New York 
City, June 27-29, 1942. 
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Machines were costly and life was cheap during most of the 19th 
Century. 

After 1850 a few improvements were attempted by legislative 
means. The working hours were limited for children and some 
effort was made to improve sanitary and safety conditions. Com- 
pared to healthful working conditions and accident prevention as 
we know it today, however, the improvements in working conditions 
made prior to 1900 were only a small beginning. 

During this period the employer was not required to pay for 
the damages caused by an industrial accident. An injured em- 
ployee had to pay his own doctor and hospital bill and if he were 
disabled or killed no payments were made to him or to his family. 
If suit was brought against the employer, the common law defenses 
were used, that when hired the employee assumed the risks con- 
nected with the work, that the accident was caused by the negli- 
gence of the fellow servant or by the contributory negligence of 
the injured employee himself. Even in America until recent 
years, employers were not required to assume any part of this in- 
dustrial injury cost and most of them felt that they had discharged 
all of their obligations when they gave an employee who had lost 
an eye a job as a sweeper or watchman or simply paid the funeral 
expenses of a worker killed on the job. During all of the early 
industrial expansion in the United States, most employees as well 
as employers firmly believed that a certain amount of human suf- 
fering and loss of life was necessary if rapidly expanding industry 
were to continue its spectacular progress. Accidents were generally 
accepted as a necessary evil of industry. 


THE CoMPENSATION ACTS 


During the early part of the 20th century feeble attempts were 
made to modify the common law of the employer’s liability for the 
safety and welfare of his employees, but nothing of importance 
was accomplished until 1911 when the first Workmen’s Compen- 
sation Act was passed in New Jersey. From then until 1915, 32 
other states passed similar laws and today every state in the Union, 
except Mississippi, has a Workmen’s Compensation Act, placing 
the entire responsibility for the safety of his employees upon the 
shoulders of the employer. Under these acts, medical, hospital 
and disability payments are made by the employer to the em- 
ployee under the supervision of an industrial commission. All of 
this is accomplished without cost to the employee. However, in 
Mississippi it is still necessary for an injured worker to hire a 
lawyer and sue his employer for damages in a court of common law. 
Under modern compensation acts, employers are required to re- 
munerate injured employees even though the latter were downright 
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negligent in injuring themselves. Claims under compensation 
greatly increased in number and size and the cost of accidents to 
the employer became correspondingly greater. Under employer’s 
liability a plant owner investigated accidents to determine who 
was at fault whereas under compensation acts, this point was not 
of importance and attention was turned to the causes and preven- 
tive measures for industrial accidents. 


THe BirtH oF SAFETY 


During the first few years of the existence of the state compen- 
sation acts, it was quite generally believed that the majority of 
industrial accidents could be prevented by guarding machinery 
and equipment in such a way that an employee could not injure 
himself and by the elimination of other physical hazards, such as 
repairing holes in the floors, installing handrails on stairways, etc. 
It was later discovered that the elimination of such physical haz- 
ards usually prevented not more than 15 per cent of the accidents 
and that the other 85 per cent were invariably due to the personal 
mistakes of the employees, their supervisors, or the plant manage- 
ment itself. We know today that practically all accidents are 
preventable that almost every accident which has already occurred 
could have been prevented. The only non-preventable accidents 
are true ‘‘ Acts of God’’ and these comprise less than 1 per cent of 
the total. This does not mean, however, that all accidents will be 
prevented in the future because accidents are caused by mistakes 
and human beings will always make mistakes. Because accidents 
are caused by the mistakes of individuals the only way to prevent 
them is by proper education and training of those individuals to 
prevent accidents before they occur. 

The highest accidental death rate in the history of the United 
States occurred in 1907 when 93.7 per 100,000 of population died 
by accident. Organized accident prevention did not start until 
1912 when the Association of Iron and Steel Electrical Engineers 
formed the first safety organization for the prevention of industrial 
accidents. Out of this group the National Safety Council was 
formed in 1915 with the constitution altered to include a national 
program of safety, not only in industry but for the general public 
as well. In spite of the advent of the motor car and new devel- 
opments in machinery and equipment far more dangerous than any- 
thing known during the early part of this century, the death rate 
has dropped to 76.9 per 100,000 of population in 1941. Since the 
National Safety Council was formed, it is conservatively estimated 
that 280,000 lives have been saved through organized accident 
prevention. The chemical industry, too, has shown great progress 
in safety in recent years. (See Table I.) 
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TABLE I 
1941 InpusTriAL InJuRY EXPERIENCE 
Frequency Rate t Severity Rate t 
Industry _ 

1941 | 1941| 1940-41 | 1941 | 1941 | 1940-41 
Rate | Rank| Change | Rate | Rank} Change 
All Reporting Industries*...| 5,825 | 15.39 | — | + 8%] 1.53 | — | — 8% 

Wiens... |. 5. oa sees 18 7.40 | 5 § 320] 2 § 
RD. Soc. soe Aes 143 749 | 6|+14%| .64 7 |-13% 
yO Ae ee ae 129 | 5.99 | 2 | +238%/| 2.22 | 27 | -—11% 
MMM sr 40i 52 wis «Gee kate 434 9.48 8 | + 8%| 1.30 | 15 | —50% 
Clay Products........:....2<s 57 | 30.82 | 28 | +45%| 1.383 | 17 | +50% 
RIE Ss 5k o's os oe 274 | 27.11 | 27 | —10%| 2.42 | 28 | —17% 
4. BAe ee peR ens aibase oe 578 | 16.16 | 20 | —15%/ 1.30 | 14 | +44% 
WOU init 24 See 141 | 21.27 | 24 | +31%; 1.33 | 18 | +20% 
0 Nt he pipes Oe ae aa 55 7.37 | 41+ 3%| 50} 4|—-45% 

OS SOE ey Saree rr 27 | 9.79| 9 § 1.15 | 12 § 
SE PLE DO ee ae 88 | 52.45 | 31 | + 9%} 5.19 | 30 | — 2% 
| eee Ee 314 | 10.66 | 12 | +17%| .79 8|+ 7% 
RR Fe 52S ea 94 | 22.82 | 26 | —10%| 1.61 | 21 | —23% 
Meat Packing............. 53 | 15.70 | 18 | + 7%| 1.42 | 19 | +26% 
Metal Products (misc.)..... 176 | 16.61 | 21 | +40%| 1.30 | 16 | +42% 
I ere 246 | 38.90 | 30 | + 3%| 9.42 | 31 | — 1% 
Non-Ferrous Metals....... 60 | 13.17 | 15 | +28%| 1.63 | 22 | +19% 
Paper and Pulp...........| 277 | 17.87 | 22 | +11%| 1.66 | 24 | + 5% 
aR SER atone Mere 172 | 11.78 | 13 | + 1%| 1.44 | 20 | — 3% 
Printing and Publishing... . 56 9.87 | 10 | +15%| .385| 3 | +63% 
Public Utilitiest........... 674 | 12.70 | 14 | + 9%| 1.66 | 23 | — 6% 
RNR 5s eaiciels Jie ERX 150 | 17.96 | 23 | +11%| 3.71 | 29 | —16% 
Refrigeration.............. 41 | 37.59 | 29 | +35%| 1.92 | 26 | +47% 
apart eae 44 8.10 | 7|+138%| 62] 6|— 2% 
Sheet Metal..............| 240 | 14.87 | 16 | +21%]| .83 | 10 | — 4% 
ee Sor Sk, Pe 131 7.02 | 3|+ 5%| 1.75 | 25 | + 5% 
Tanning and Leather....... 69 | 15.88 | 19 | +16%| .82| 9|+14% 
ISS SA cor a. oe Sc 216 | 10.23 | 11 | +23%| .53 | 5 | +33% 
Re eaearrnne 7 26 | 3.23 1 |+27%| .20 1 | +48% 
Ms nek oo Ne Hilde Cdiok 186 | 14.99 | 17 |} + 5%| 1.16 | 18 | — 5% 
Woodworking. ............ 126 | 22.44 | 25 | +31%]| 1.04 | 11 | —17% 





Source: Individual company reports to the National Safety Council. Rank- 
ings are indicative rather than exact because of variation from industry to industry 
in the proportion of companies which maintain accident records and send reports 
to the National Safety Council. Thus, the information given for Cement, 
Petroleum, Rubber, Steel and some other industries, is based on the experience 
of a large proportion of the industry whereas in Tobacco, Laundry and some 
others, the Council receives reports from a relatively small proportion of the 
entire industry. 

* Includes miscellaneous industries and corrected for certain duplications. 

+ Frequency rate is the number of disabling injuries per 1,000,000 man-hours 
of exposure. Severity rate is the number of days lost per 1,000 man-hours of 
exposure, including charges for permanent disabilities and deaths. 

t Natural and manufactured gas experience estimated. 1941 data not 
available. 

§ Insufficient exposure for reliable comparison. 











798 SAFETY IN INDUSTRY 


CASUALTY INSURANCE COMPANIES 


Insurance companies have had much to do with the organization 
of accident prevention since its first beginning. After the first 
employers’ liability laws were passed, insurance was offered as a 
protection to employers against unexpected losses resulting from 
injuries to employees, losses which were sometimes of considerable 
magnitude. A modern Workmen’s Compensation Policy affords 
complete protection to the employer, including medical and hospital 
expenses, legal fees and disability and death payments. It affords 
no protection to the employer from losses of the non-insurable 
variety, which result from accidental injuries. These losses in- 
clude the damage to equipment from the accident or from an inex- 
perienced man substituting for the injured employee, loss in pro- 
duction due to the absence of the injured worker or from fellow 
workers and supervisors who have stopped or slowed down their 
work because of the accident, the loss of the use of the machinery 
and equipment during this interrupted production, damage to 
material because of the accident or from an inexperienced substi- 
tute worker and a great many others. It has been conservatively 
estimated that these indirect hidden costs to the employer amount 
to at least four times the direct payments made by the insurance 
carrier. 

Sarety ENGINEERS 


In the early days of compensation insurance, the insurance com- 
panies found it necessary to employ inspectors who would contact 
the insured plant and look it over very carefully, reporting to the 
plant owner and the insurance company details of any hazardous 
conditions present in machinery, equipment, or the buildng itself. 
Originally such inspections were made primarily to evaluate the 
hazards so that a proper rate for the premium of the insurance 
policy could be assigned. However, when it was discovered that 
most of the accidents could not be eliminated by correction of the 
physical hazards in the plant, these insurance inspectors were re- 
placed by safety engineers. The modern insurance safety engi- 
neer is much more than an inspector. He acts as an advisor to the 
plant management in the handling of their accident control pro- 
gram. His job is to be of assistance to the plant management in 
the elimination of all physical hazards and in the proper education 
of employees and supervisors so that all work in the plant is done 
in a safe manner. In the plant of today the management consider 
accident prevention as an essential part of the operating procedure. 
Management realizes that accidents are just as important as poor 
production or inferior products in causing unnecessary waste and 
eating into the profits. 
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MopEerN ACCIDENT PREVENTION 


Today the prevention of accidents is everyone’s business. No 
longer is the responsibility for preventing accidents in the indus- 
trial plant left up to the personnel director, the maintenance man, 
or some other individual. The management has accepted the re- 
sponsibility for the prevention of accidents and has passed this 
responsibility on to the supervisors, holding each one strictly ac- 
countable for every accident taking place under his supervision. 
Superintendents and foremen in turn see to it that safety is an 
important part of the work of each individual in his group. These 
supervisors must teach the workers, especially new ones, every 
phase of safety as it applies to the job. They must correct the mis- 
takes which involve unsafe acts and even sometimes find it neces- 
sary to discipline forgetful or stubborn employees who wilfully 
violate safety rules. They must investigate all accidents that occur 
under their supervision in order to find the basic causes and reme- 
dies for them. It is always possible to learn something of impor- 
tance from an accident which has occurred which will be of value 
in preventing other accidents of a similar nature which might occur 
later on. 

Because of the efforts of thousands of individuals who are suffi- 
ciently interested in accident prevention to spend their time and 
money in extending its benefits to everyone, safety today is known 
and practiced by the majority of the people of the United States, 
not only in connection with their work but also at home, at play 
and while traveling. The prevention of accidents is of particu- 
larly vital importance today because we are engaged in a war in- 
volving our very existence. In an all-out war such as this one, 
practically every accident occurring anywhere in this country has 
or will have an adverse effect on the war effort. Every man, woman 
and child has an important part to play in striving for an early 
victory even though it means no more at the present time than in- 
vestment of every available penny in war stamps and bonds. 

As the weeks go by, the government will call upon every indi- 
vidual to make greater sacrifices and give more time and effort to 
the war program, with corresponding decreases in their comfort 
and happiness. Because everyone is a cog in this national machine, 
accidents must be prevented, regardless of where they happen or 
who is involved. A minor, seemingly unimportant accident must 
also be included, because if a similar accident happens again, it 
may change from a minor to a major one, resulting in serious in- 
jury or death and a corresponding loss in man power and produc- 
tion. 
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Accident prevention is so important today that the President 
of the United States issued a proclamation on August 18, 1941, 
calling upon every citizen in public and private capacity to enlist 
in an accident prevention campaign in preventing wastage to the 
human and material resources of this nation. The government as 
well as private organizations are spending vast sums of money and 
time in an effort to reduce accidents to a minimum and keep every 
man on the job. In keeping men at work, safety while traveling, 
at home and at play is even more important than safety at work, 
because off-the-job accidents result in twelve times as much lost 
time at work as accidents which occur on the job. 

There are thousands of organizations today that have adopted a 
definite all-inclusive accident prevention program which is rapidly 
being placed in effect. Many of these organizations have hereto- 
fore given little time or thought to the subject of safety. I refer 
particularly to technical and engineering societies and professional 
fraternities. During the school year just closing, courses in safety 
engineering defense training have been given in 57 engineering 
colleges located in strategic industrial centers throughout the coun- 
try. This has been operated under the joint sponsorship of the 
United States Office of Education and the Department of Labor 
and is part of the program of the National Committee for the Con- 
servation of Manpower in War Industry. Federal funds were ap- 
propriated for this work and several thousand key men in industrial 
plants and shops all over the country received this intensive in- 
struction in accident prevention methods. All are being taught 
that a man killed in an industrial accident is just as much a victory 
for the Axis as an American flyer shot out of the sky. 


METHODS OF INSTRUCTION 


Until recent years, the prevention of industrial accidents and 
occupational diseases had not been stressed in connection with stu- 
dent instruction. I took a course in industrial chemistry at the 
University of Illinois in 1922. It was a very good course, as far as 
learning about industrial processes, raw materials and products 
was concerned. However, the instructor gave us practically no 
information about the harmful effects from inhalation, ingestion or 
skin contact with chemicals used as raw materials, by-products and 
finished products. Neither did we learn anything about the ways 
in which workers in these chemical processes injure themselves 
by accidents and methods of preventing such accidents. It is only 
in the last few years that courses have been available to medical 
students teaching them the fundamentals of industrial hygiene and 
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occupational diseases. Prior to that time it was necessary for the 
industrial physician to learn the fundamentals of industrial hy- 
giene after he graduated into private practice. In the same way, 
the fundamentals of the methods of prevention of industrial in- 
juries, both accident and occupational diseases, should be made a 
basic part of all engineering instructions in the colleges and uni- 
versities in this country. It should be included along with the 
other fundamental instructions on the use of chemicals in industry. 
If safety is made a basic part of such instructions, the college grad- 
uate will have a complete picture of industry as he will find it and 
it will be unnecessary for him to learn about the prevention of 
accidents and occupational diseases after he has landed a job in 
industry. In addition to knowing how to use chlorine and benzol 
and lead in industry, his new employer will also expect him to 
know their harmful effect on the human body and how their ab- 
sorption can be prevented. He will also expect him to know how 
to make gasoline out of crude petroleum without having the still 
explode and how to clean a gasoline or oil storage tank in a safe 
manner so that it will not catch fire or explode. (See Table IT.) 

It is obviously impossible in the few minutes which we now have 
to cover the practical side of this subject. I will, however, take 
time to cover some of the more important phases and give you some 
references which can be used as sources of information. Meanwhile 
it is my hope that college textbooks will be rewritten to include 
information on the subject of the prevention of accidents and oceu- 
pational diseases. 


THE CONTROL OF ACCIDENTS 


We know that the elimination of all the hazardous conditions in 
the working environment will reduce the accident frequency from 
12 per cent to 15 per cent at the most. The other 85 per cent of 
the accidents must be eliminated by teaching the employee how 
he may be injured in connection with his work even though the 
maximum number of safeguards have already been installed and 
how to do his work in a safe manner without a great deal of con- 
scious effort. It is also necessary to have proper supervision on 
the part of the foreman who must see to it that all safeguards are 
in place, that no new or unknown hazards have been created and 
that the employee is following all instructions and thinking along 
the lines of safety as he works. Every accident should be carefully 
and completely investigated in order to determine all of the causes 
that were responsible for it. All of the basic accident causes, both 
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TABLE II 
CHEMICALS IN INDUSTRY 
Inherent Hazards 
Material Toxicity 
‘ Explo- | D - 
Fire a, titi Burns |———— 
Short} Long 

a se eat ss Sa ety tas ES x x x 
I i ili seis. ste uie dene Kee a x x 
Ammonium Perchlorate................. x 
NE IIIS 5 Seip Ob ccs o5 0k Ve pak ee en x 
Amy! Alcohol (Active). ...............-. x 
Anhydrous Ammonia................+-- x x 
CEPR RTA A aaa eT a RNa ee Nope cr x 
a PPP ee ee x 4 
pe BS ee ae ree x x 
Benzine (High test gasoline or petroleum ; 

SE SEES SS Eee pr Weer am x x x 
SE I oss 5, 5. ao ue he atklge = 5.6 x x x tx 
PI TOE. owe cca cdeseesies es x 
Ris sah Sper eae aN ey gaa ee Sr Ri ee x x 


CNN ch Gra Pose Ses x 
Carbolic Acid (Phenol).................. x 
Carbon Bisulphide (Disulphide).......... x x 

Carbon Tetrachioride.................+. 
oe Ee are arr 
IN tec a vw cid.ste ie Se Node Sta we 
CNN Sa io oo itive Wala vice droa en 
Chloronaphthalene (Halowax)........... ! 
ERG SS PLETE EPEC x x 
pe see 
BRM IMITER: THUEIUNI 6 oo aie oo s.c oss vc oo aie 
(TER ae dt (a 9 Oe SEA BA NN RE Se 
PE ON Ss BS ae ic BREESE 
ENS LIE MET OIE NAOT 
Ethylene Dichloride.................... 
(ae i i te RR ee yrs RED LA 
pg Ee a eee ate Paar ree x 
Fulminate of Mercury:................. x 
Pelasinnte of FRIVOE ... ... o... sevcevcccccses 
Hydrochloric Acid. +... 6. 
Ce ge ae ee ee x x 
PRACT DIEU 6. oo 50 oces 665.0 0 tan eels 
Hydrogen Sulphide....................- 
Ti SS GES re eee a, AP rae 
EEE I ES TEES LE EP) a 
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TABLE II—Continued 
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Inherent Hazards 











Material Toxicity 
Fire | Explo- |Derm@-) Burns 
Short} Long 

SESE SOA Ry Sy etry laa Me x x 
Nitraniline or Nitro Aniline............. x x 
Mabie. Mee 3s eo oO RR. x x x x 
WN 7. 5. EE PRE iss x 
Nitrochlorobenzine..................... x 
PUTIN. 5 sc sn 5 3 esd be SS Che a * 
Pua eee. 5. LSA x x x x x 
Phosphorus White or Yellow............. x x x 
UM MR ios gi Sids seid 43a BER hee Cte x x x 
I eds st oe oko in ce ieee x x 
Potassium Chiorate. ..... 05. cece cevee x 
wale Crete... SA x x 
Potassium Hydroxide................... x x 
Potassium Nitrate... ......00 00 500 Si. x 
Potassium Permanganate................ x 
Potassium Peroxide................ Meni x 
SI WOU, 5 onc. 5 occ Saba ae Oe Hees x 
ROS SI ier ae he x x 
De NINN SS hos Sees x x 
Bedinma TEvmsemide . os ka bo oc x x 
PI I eo sd. ka seen wea eae x 
sve ods sce ne ee eee x x 
OY, BR ae re sere x x 
Tetrachilor Ethane...... 2.0.0.0. 06.005. x 
Tetrachlor Ethylene.................... x 
Pe SINE... ee PAR x 
NE OD 3, sf 06th we wip aie veote x x 
ee eres ar x 
Pe es A Ue a x x 
NE MIE go socio yn Roe bid Sk Oo awe oh bine x x 
Xylol (Xylene) Coal Tar................ x x 
I ere es Sey ee bee x 























* Fatal in exposures of short duration to very small quantities. 


t Tolerance to benzol fumes is extremely low. 


(From Occupational Hazards, March, 1942.) 


personal and impersonal, which played a part in the accident, 


should be listed. (See Table III.) 


Fau.tty Human BEHAVIOR 


The employee himself, the supervisors or even the management 
may individually or collectively be responsible for an accident. 
Lack of knowledge or skill, because of faulty or incomplete in- 
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TABLE III 


Basic AccIDENT CAUSES 


Faulty Environment 
Working Conditions: 
Lighting 
Ventilation 
Arrangement, floors, stairs 
Housekeeping 
Equipment and Tools: 
Guards 
Materials 
Tools, ladders 
Safety devices on machinery 
Apparel: 
Loose clothing, rings, neckties 
Goggles, gloves, respirators, shoes 
Faulty Human Behavior 
I. Lack of Knowledge and Skill 
a. Instruction: 
1. Lacking or incomplete 
2. Erroneous or not 
enforced 
b. Inability: 
1. Inexperience— 
ignorance 
2. Unskilled 
3. Poor judgment 
II. Wrong Attitude. (Unsafe) 
a. Discipline: 
1. Disobedience of rules 
2. Interference by others 
3. Horseplay—fooling 
4. Failure to use safety 
equip. 
b. Concentration: 
1. Inattention day- 
dreaming 
2. Distracted by others 
3. Worry-home trouble, 
finance, domestic 
c. Unsafe Habits: 
1. Chance taking 
2. Short cuts 
3. Haste 
4. Disregard of others’ 
safety 
5. Negligence. 
III. Unfit: 


a. Mentally: 
1. Sluggish—fatigued 
2. Excitable—temper 
3. Accident—prone 
b. Physically: 
1. Defective 
2. Fatigue 
3. Ill—weak 
4. Unsuited to job 





Prevention—Correction 


Check and install proper lighting. 
Sample and install proper ventilation. 
Plant layout planned properly. 
Inspection and controlled cleanup. 


Install and maintain and purchase. 
Proper inspection—purchase. 

Proper design—purchase, maintenance. 
Engineering—purchasing. 


Enforce rules—enforce inspection. 
Provide and enforce. 


Prevention—Correction 
Proper training. 
Proper supervision. 
Job training. 
Job training. 
Foreman—Supervision 
Inspire confidence. 
Display leadership. 
Fair dealing. 
Proper disciplining. 
Recognition of good work. 
Close supervision. 
Personal interest in men. 
Help with home problems. 
Know your men. 
Win their codperation. 
Last resort—discharge. 
Proper Placement 
When hired. 
Transfer if unsuited. 
Place on job suited or lay off. 
Physical exam. pre-employ. 
Regular re-examination. 


Health and medical service. 
Reclassify—to another job. 
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structions, inexperience, ignorance or poor judgment may be im- 
portant factors. Poor discipline, lack of attention or unsafe habits 
may also be involved. The employee may even be mentally or 
physically unfit, resulting in lack of ability to do the job in a safe 
manner. The basic cause or combination of causes from a list such 
as this must be enumerated at the time of the accident investigation. 


Fautty ENVIRONMENT 


There are a great many factors in the environment which affect 
the accident frequency and severity rates. Any one of them may 
be wholly or partially responsible for an accident if maximum 
efficiency and safety have not been thoroughly considered. Im- 
proper or inadequate illumination or ventilation are factors of 
great importance in controlling accidents. Inadequate working 
space and too much noise also deserve important consideration. 
The design and condition of the building itself are of paramount 
importance. The arrangement of the machinery and equipment, 
the location of windows and doors, the condition of floors and stair- 
ways, the existence and maintenance of handrailings, properly 
marked aisles, and many others all deserve as much attention as it 
is possible to give them. One of the most important causes of acci- 
dents is poor housekeeping. Good housekeeping may be defined as 
‘‘a place for everything, and everything in its place, and no un- 
necessary things about.’’ Therefore, if unnecessary things are 
about the workroom and the necessary things are not in their proper 
places, the place cannot be called in order and poor housekeeping 
exists. Under such conditions accidents are bound to occur. 


EQUIPMENT AND TOOLS 


It is necessary to guard all dangerous machinery and equipment 
in order to make them as safe as possible. Standard methods are 
available for the manufacture and installation of equipment and 
devices for guarding machinery. Of course the time to think about 
such guarding is at the time when the equipment is purchased and 
not after it has been installed and is in operation. 

Tools and other equipment must also be designed and purchased 
for safe use and must be inspected and maintained in the same way. 
Ladders and scaffolding, grinding wheels and chain hoists and all 
other equipment may be responsible for accidents if they do not 
receive the attention and consideration that they require. Defec- 
tive or broken hand tools should be discarded or repaired. The 
improper use of tools and equipment is responsible for a tremen- 
dous number of industrial accidents and should not be tolerated. 
Makeshift equipment is many times worse than none. 
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WEARING APPAREL AND PERSONAL PROTECTION 


Proper clothing is of the utmost importance in industry. Neck- 
ties and finger rings should never be worn around moving machin- 
ery. Hard hats and safety shoes with steel toes are essential wher- 
ever falling objects may injure heads or feet. Proper goggles are 
needed to protect the eyes from flying particles or splashes from 
acids, caustics or hot liquids. Gloves of the proper type and pro- 
tective skin creams play their part in preventing injuries or der- 
matitis. Respiratory protective devices approved by the United 
States Bureau of Mines for the particular industrial exposure in- 
volved should be used for protection from the inhalation of harm- 
ful substances. They are satisfactory however only for occasional 
exposures of short duration when the atmospheric contaminant is 
present only within the limits specified by the Bureau of Mines. 
They should not be used as a substitute for adequate ventilation or 
other engineering control methods. 


THE CLASSIFICATION OF ACCIDENTS BY TYPES 


Accidents may be classified according to types as a means of 
preventing recurrences. (See Table IV.) When accident analyses 


TABLE IV 


ACCIDENTAL INJuRY CAUSES 
(Types of Accidents) 


. Lifting, Pulling or Pushing Objects (Strains, Sprains and Hernias) 
. Foreign Bodies in Eyes 

Handling Material (Hand Injuries) 

. Striking Against or By Objects 

. Slips or Falls (Same Level) 

. Falling Objects 

. Using Hand Tools 

. Falls from Elevations 

. Caught in or Coming in Contact with Machinery 
. Harmful Substances 

. Burning or Scalding 

. Stepping on Objects (Punctures and Cuts) 

. Auto Accidents (Collision or Upset) 

. Miscellaneous 


nell-adiladl it 


of this variety are prepared certain predominating causes of acci- 
dental injury stand out as those requiring first and greatest con- 
sideration. All accidents of a certain type may usually be charged 
to a very few basic causes. When immediate steps are taken to 
eliminate these causes this type of accident becomes infrequent or 
disappears altogether. Only the more important types of accidents 
have been mentioned and of course there are many others, usually 
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of less importance, but sometimes very prevalent in a particular 
plant. If such is the case the reasons for the high frequency of 
that particular type must be found and corrective measures insti- 
tuted. 


LIFTING, PULLING or PusHine (Strains, Sprains and Hernias) 


Lifting, pulling or pushing objects frequently result in strains, 
sprains or hernias which may be of a serious nature. When an in- 
jury of this type occurs the injured employee may have been lifting 
or handling objects in the wrong position or using an improper 
technique. He may have attempted to handle an object too heavy 
for one man or he may have a physical impairment which was par- 
tially responsible. Preventive measures consist in attention to the 
physical condition of the employees, proper education and super- 
vision so that correct postures and technique will be used in con- 
nection with the work, and instructions for employees to secure suffi- 
cient assistance on heavy or bulky material. 


ForeIGN MATERIAL IN EvYEs 


Foreign material of any kind in the eyes may be responsible for 
serious injuries. Accidents of this variety may be prevented by 
proper eye protection in the form of suitable goggles, eye shields, 
sereens or transparent guards over abrasive wheels. 


Hanpuine Materiats (Hand Injury) 


Many injuries to the hands result from improper handling of 
materials. Cut, torn, pinched, crushed, bruised, scratched, punc- 
tured or burned fingers and hands result from insufficient atten- 
tion to this phase of the subject. Proper tools, equipment and 
hand protection will eliminate part of these, but the bulk of them 
must be taken care of by teaching the employees to think of their 
safety and that of fellow employees when piling materials, opening 
and handling carboys, cartons and boxes, emptying or cleaning 
containers, etc. 


STRIKING AGAINST OR BY OBJECTS 


If injuries are occurring to employees because they are striking 
against or being struck by objects the operations and processes 
should be studied for possible causes. Probably in the majority of 
these cases the employees are not using good judgment and ordi- 
nary care in connection with the work. Better training and super- 
vision may eliminate most of them. 
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Sues or FAuis 


Slips or falls may occur either on the same level or from eleva- 
tions. If they occur on the same level attention should be given to 
housekeeping or the condition of the floors themselves. Floors 
must be of the proper material, kept in good condition and free 
of any foreign objects or obstructions. Employees must be taught 
to keep them in this condition and to keep their eyes open when 
moving about the working area. 

If the falls are occurring from elevation, then railings and other 
safety devices should be installed on the stairways, scaffoldings, 
platforms, ete. Employees should be taught to use the devices 
provided for their safety and to keep areas free of obstructions and 
foreign objects. 


Ustne Hanp Toots 


Injuries from the use of hand tools can usually be prevented by 
having the tools in good condition and by using them, not a make- 
shift, but for the purpose and in the manner intended. Employ- 
ees must be taught to use them correctly and carefully. 


CAUGHT IN OR CoMING IN CONTACT WITH MACHINERY 


Employees who are caught in or come in contact with dangerous 
machinery are apt to be badly injured. The punch press is prob- 
ably the most dangerous of all of them but any moving machine 
can cause injury to employees who are not careful. The installa- 
tion of guards and other protection has already been mentioned 
and should be given first consideration. Proper instruction and 
supervision of employees will eliminate most of the rest of these 


accidents. 


STeprine on Opsects (Punctures and Cuts) 


Whenever a large number of injuries occur from stepping on 
objects causing puncture wounds and cuts it is usually evident that 
housekeeping conditions are poor. Prevention lies in the improve- 
ment of such conditions and the use of proper footwear by em- 
ployees. 

BuRNING oR ELEcTRIC SHOCK 


Wherever hot objects and hot materials are being handled em- 
ployees are usually given proper equipment for their own protec- 
tion. If this has been done and burns still occur there may be 
something wrong with the process or operation itself, or injured 
employees may lack sufficient instruction and supervision. 
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The same thing may be said of electric shocks. Most everyone 
has a healthy respect for electricity as well as hot substances. How- 
ever, familiarity sometimes breeds contempt and the only way to 
overcome such a situation is through adequate supervision. 


HaRMFUL SUBSTANCES 


Workers may be injured through contact with harmful sub- 
stances either by inhalation, ingestion or contact with the skin. 
The highest frequency occurs from skin contact cases resulting in 
dermatitis. Two-thirds of all occupational diseases are dermatoses. 
The greatest number of actual cases of systemic poisoning through 
occupational diseases, occur from inhalation of atmospheric con- 
taminants rather than from ingestion. This is because workers 
breathe sixteen times a minute but only eat three times a day, and 
then usually not in the workroom. Exposure to harmful substances 
may cause either acute or chronic poisoning in addition to derma- 
titis. 

In any operation or process it is necessary to know the raw ma- 
terials, the intermediate and finished products. One must know 
whether or not they are harmful and if so in what concentration. 
It must then be determined whether or not these harmful sub- 
stances are present in concentrations greater than this permissible 
limit and if so, how the concentration may be reduced to a safe 
level. A chemist is supposed to know not only what substances 
are being used or produced, but whether or not they are harmful 
and if so, their concentrations in the air. Safe limits have not as 
yet been established in the case of all chemicals and other sub- 
stances. Permissible limits have already been published by the 
American Standards Association for a great many of these poisons 
that are responsible for true occupational diseases, that is cases of 
chronic poisoning. Tentative standards for others in this group 
have been suggested by a group of five expert industrial hygienists 
for use until the American Standards Association Committee has 
completed its work. (See Table V.) 

Quantities of harmful substances that may cause acute poison- 
ing or death have been pretty well established and such information 
is available in published form. 


ATMOSPHERIC PoLLUTION Stupy 


The only definite method of determining whether or not a con- 
centration of atmospheric contaminants existing in the workroom 
constitutes a health hazard is by means of collection and analysis 
of air samples. These atmospheric pollution studies require the 
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TABLE V 
RECOMMENDED SAFE CONCENTRATIONS OF CERTAIN CoMMON TOXIC 
Susstances Usep 1n InpustRY 
Note: The dust limits include only that dust which is 10 microns (1/2500 in.) 
or less in size. The equipment and technique recommended by the U. S. Public 
Health Service for Air Sampling must be used with these standards. There are 
other good methods which may be used, but for comparison purposes they must 
be calibrated to this method and these standards. These standards are for 
exposures not exceeding eight hours daily. 
Parts per Million 
Gas, Vapor, Fume or Dust Parts of Air (PPM) 
PI Ss ee eis 2 oes Meee 100 
PEON 5 SRST OAS Fh 400 
WO ii Seance 88s his RSS 5 
SORT IE ine OTN CET OL 1 
eee a eee 100 (American Standard) 
IIS ine. Sas Sa OO eens 400 
oy Ns SI crea Se SR 0.1* (American Standard) 
Carbon bigulfide. ... «5... 6.5 esse 20 (American Standard) 
Copies MGOMNEES, «0. 5 55 oc as 100 (American Standard) 
Carbon tetrachloride................ 100 
(9 Riba ie Sie yes Bae a Rin As 1 
Chlorodiphenyls.................:.. 1? 
Chloronaphthalene.................. 1 to 5* 
Chromic acid and chromates.......... 0.1* (American Standard) 
pS eer re eer 75 
Dichlorethyl ether................... 15 
Me Sct as cae cote pot ee eae vere 400 
Ethylene dichloride.................. 100 
PORIAOGO; ik... 6 56 oo he sehen wins 20 
SRE OES 1000 
Piyroennenee OG. oo. i ee 10 
Hydrogen cyanide................... 20 
Hydrogen fluoride................... 3 
Peydvagen GOINGS... 6 g06 >. ds Sa ees 20 (American Standard) 
I Bi Oe os RS NS og ee es a 0.15* 
FEARS ar Wr arty 6.0 (American Standard) 
I Gos vacuo. soa emay tt ches 0.1* (American Standard) 
ND. 5 S56 SRE SA ig 200 
Monochlorbenzene.................. 75 
I os oi wreak Parente 5 
DeMepneets COE, 68 oe ons cise bee vty 50 
SN rg oso cede eat pewete eee on 1 
PUNO his es aR GL So 1 
PE cain Wig od c-al nah gi visa acter 2 
SIC aaa cere Fore ees 10 
Tetrachlorethane.................... 10 
Tetrachlorethylene.................. 200 
po dy” RR error eee 150 
Trishioretagee. . . . 200 
oie. FRU hia Tas wes 200 
Xylene, coal tar naphtha (Xylol)...... 150 
Sie OURAN 5 5 on 0:46 65,6 0.100000 15* 
* * Milligrams/cu. meter. 








SAFETY IN INDUSTRY 811 


TABLE V—Continued 


Other Dusts 
Asbestos—10 million particles per cu. ft. of air. 
Dusts Containing Less Than 10% Free Silica—50 million particles per cu. 


} in. 

pow ft. air. 

y are Dusts Containing from 10-70% Free Silica—10 million particles per cu. ft. 

nust alr. 

. for Dusts Containing More Than 70% Free Silica—5 million particles per cu. 
ft. air. 


All Other Dusts—50 million particles per cu. ft. air. 


services of trained industrial hygienists and the use of proper field 
or laboratory equipment. Many private companies as well as indi- 
viduals are equipped to do this work for themselves or for others. 
There are industrial hygiene units in thirty-two different states at 
the present time. With the exception of New York, Massachusetts 
and Pennsylvania, these units are operated by the State Depart- 
ment of Health. In the three states mentioned these units are 
operated by the State Department of Labor. In Illinois there are 
two industrial hygiene units, one under the Department of Health 
and the other under the Department of Labor. All of these State 
Industrial Hygiene Organizations operate in codperation with the 
United States Public Health Service. 

However, in the absence of personnel and equipment for air 
contamination study it should be sufficient for a chemist or chemi- 
eal engineer to know that a harmful substance is present in suffi- 
cient concentration to be recognizable, in order for him to realize 
that extra care and protection are necessary. 


OccUPATIONAL DISEASES 


Dust DISEASES 


There are but two non-metallic dusts that can cause occupational 
diseases. These are silea and asbestos. If the dust suspended in 





the air of a workroom contained a sufficient amount of free silica 
under ten microns in size, a disease known as silicosis may develop 
in workers exposed over a long period of time, usually many years. 
Silicosis may develop even though the inhaled dust contains less 
than 10 per cent free silica. 

Asbestosis is another dust disease of the lungs resulting from 
the inhalation over a period of time of asbestos dust fibers. All 
other organic and inorganic dust, with the exception of the metals, 
are considered as nuisance dust which may cause discomfort and 
inefficiency but are not poisonous. 
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Heavy METALS 


Fumes are solid dispersoids resulting from sublimation, or the 
condensation of the vapors or the chemical reaction between the 
vapors and gases of various metals. They are generated by such 
operations as heating metals to a temperature at which they vola- 
tilize, electric welding or torch cutting of metal, or the smelting and 
refining of metal. Inhalation of the freshly formed fumes of any 
metal in sufficient concentration may cause the condition known as 
‘metal fume fever,’’ also known as the ‘‘chills’’ or ‘‘shakes.’’ Al- 
though this condition causes a great deal of discomfort, and may be 
alarming to those who are not familiar with it, it is actually not a 

‘ disease and there is no permanent ill effect on the individual. The 
inhalation of dust or fumes of the toxic metals in sufficient quanti- 
ties can cause systemic poisoning in addition to metal fume fever. 
Cadmium, chromium, lead, mercury and zine are the principal 
metals that are toxic on inhalation. 


VAPORS AND GASES 


The gases which are usually considered to be toxic on inhalation 
are ammonia, arsine, carbon monoxide, chlorine, hydrochloric acid, 
hydrocyanie acid, hydrofluoric acid, hydrogen sulfide, nitrogen 
oxide, ozone, phosgene, phosphine and sulfur dioxide. 

There are a vast number of solvents in use at the present time 
and the number is increasing each year. The vapors of many of 
these are harmful when inhaled in sufficient quantities. Other 
vapors may not be particularly harmful, but if little or nothing is 
known regarding their toxicity, they should be considered to be 
harmful until they are definitely proven to be otherwise. 


Skin Contact WITH HarRMFUL SUBSTANCES 





A few of the organic liquids such as tetraethyl lead used in 
leaded gasoline and benzol may cause poisoning by absorption 
through the skin. Such cases, however, are comparatively rare in 
industry today, because workers are generally familiar with the 
hazards. Most of the known toxic substances do not readily enter 
the blood stream by skin absorption. 


INDUSTRIAL DERMATITIS 


Occupational dermatoses have always been important because 
they are quite prevalent in industry and are becoming even more 
prevalent today. Until recently, however, they did not receive the 
attention they deserve because methods of prevention had not been 
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developed to their present state. Dr. Schwartz, of the United 
States Public Health Service estimates that 1 per cent of the in- 
dustrial workers in the United States are annually affected with 
occupational dermatoses. 

Industrial dermatitis is an inflammation of the skin resulting 
from an industrial exposure. Primary irritant contact dermatitis 
may result from a substance which, under certain conditions, will 
eause inflammation on contact with any individual skin. The ma- 
jority of cases of industrial dermatitis are due to chemicals or other 
substances which are primary irritants, such as acids and alkalies, 
chlorinated hydrocarbons, turpentine, soaps, lye, cement, etc. 
Cases of dermatitis result either from the first contact with the irri- 
tating material in sufficient concentration or from repeated contact 
with weaker concentrations of the irritant over a period of time. 

Sensitization contact dermatitis is a skin sensitivity of the af- 
fected worker to a particular substance which would not produce 
inflammation on a normal person’s skin. In every case a period of 
exposure must occur in which the sensitizing material is in fre- 
quent contact with the skin or frequently ingested or inhaled. Dur- 
ing this period which may vary from several days to several years 
no inflammation of the skin or other effects are noted. However, 
after sensitization has developed the employee reacts to dilutions 
of the substance which would not normally affect him. Almost any 
compound can produce sensitization dermatitis in certain individ- 
uals. Personal cleanliness constitutes 90 per cent of the preventive 
measures for dermatitis. The other 10 per cent involves protect- 
ive clothing, protective skin creams or other methods of eliminating 
contact with the harmful substance. 


MISCELLANEOUS DISEASES 


Time will not permit us to more than mention other miscellane- 
ous diseases, such as those resulting from repeated motion, pressure 
or shock, from radioactive substances and X-rays, heat prostration, 
sunstroke, Caisson disease and other atmospheric abnormalities, the 
infectious diseases, such as Undulant Fever, Anthrax and Tularemia 
or cancer of the skin or bladder from pitch, tar or certain dye inter- 
mediates. 


ENGINEERING ConTROL METHODS 


The hazards resulting from contact with harmful substances 
may be eliminated by several methods. 


1. Physical separation, enclosure or isolation of the harmful sub- 
stance or condition, 
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TABLE VI 
SuMMARIZED Data ON Limits OF FLAMMABILITY OF GASES AND VAPORS 
Limits GIvEN IN Per CENT By VotuME, MotsturEeE FREE Basis 
Limite in Air, Limits in Oxygen Percentage 
Per Cent PorGent | Mixture is Flammable 
Gas or Vapor 
- Carbon 
Lower Upper | Lower | Upper Pe Diluent Pag aD 
of Air of a 
Acetaldehyde............. 4.0 57 ye mee 
pS A ae AP Pr 2.55 | 13 13.5 15.6 
pa ee ee ee 2.3 80 
pS renee 2.4 aaea eae 
MIN 5 ooo es Sia oie ee 16 27 15 79 
Amyl alcohol............. 1.2 
Amy] chloride............. 1.4 
fn NE Per eae 1.6 pars 
Benzene (Benzol).......... 1.4 6.7 an ii 
NS ri e'g coh 5 biome 9 6d 1.85 8.4 12.1 14.5 
Butyl acetate............. 1.7§ 
Butyl alcohol............. 1.7 hes 
MNS 6S SERS Sot ie 9.0 
Carbon disulphide......... 1.25 | 50 a bated 
Carbon monoxide.......... 12.5 74 5.6 5.9 
Croton aldehyde.......... 2.1 I ie 
Cyclohexane.............. 1.3 1.2 Bart sin. 
Cyclopropane............. 2.4 10.3 2.45 | 63 
RN ab tiivess case on - ae 
Dichloroethylene.......... 9.7 12.8 
Diethyl peroxide.......... 2.35 
Diethyl selenide........... 2.5 wtas 
MINE cafe ond ve nce ess 2.0 22t eee) Bey cae Pete be K- 
MI So o's 9.xy ai0.eo Re 3.2 12.5 4.1 | 50 11.0 13.4 
Ethyl acetate............. 2.0 11.5f 
Ethyl alcohol............. 3.3 |*19 
Ethyl bromide............ 6.7 11.2 
Ethyl chloride............ 4.0 14.8 SSS Ge 
PIE 6206, 6-0-5 0 Seca a <> 1.85 | 48 2.1 | 82 
Mga ND Se ess 3.0 ae 
Ethyl formate............. 2.7 A RO ee sgatk isa 
RE Fae eee 2.75 | 29 2.9 | 80 10.0 11.7 
Ethylene dichloride........ 6.2 15.9t 
Ethylene oxide............ 3.0 80 
NE is bc on wenn bs 2.1} alk 
ES RS RE pe ie 1.0 6.0 Pe ba RE 
RE ee eee 1.2 6.9 11.9 14.5 
Hydrocyanic acid.......... 5.6 40 Sie rset sila Sates 
i ean bee ner 4.0 74 4.0 | 94 5.0 5.9 
Hydrogen sulphide........ 4.3 45.5 
Iso-Amyl alcohol.......... 1.2 
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TABLE VI—Continued 
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Limits in Air, Limite in Cnspen Percentem 
Per Cent Perbent | Mixture is Flammable 
Gas or Vapor adie 
Lower Upper | Lower | Upper 5. Diluent =, 

Iscittant 3s PS TRAE aS 8.4 

Iso-Butyl alcohol. ......... 1.8 ae 

TOOORGOIND «5. 655 5c Hoses 1.3 pace 

Iso-Propyl acetate......... 1.8 7.8t 

Iso-Propyl alcohol. ........ 2.6 eas 

Lead tetraethyl........... 1.8 es, BRE Beith at SRE. 
MONO Soe. 6a BR 5.0 15 5.4 | 59 12.1 14.6 
Methyl acetate............ 3.1 15.5t Sees he a 
Methyl alcohol. ........... 6.7 |*36 10.3 13.5 
Methyl bromide........... 3.5 14.5 aay jae 
Methyl butyl ketone. ...... 1.2 8t Ie 5 Ses wide 

Methyl chloride........... 8.0 19 8.0 | 66.0 

Methyl cyclohexane. ....... 1.2 sabes > 

Methyl ethyl ether........ 2.0 10.1 

Methyl ethyl ketone....... 1.8 10 

Methyl formate........... 5.0 23t 

Methyl propyl ketone. ..... 1.5 8.5t 

PRs OS les eae 8 ie, 

NR eS Ok. sn setorcxeu yen 95 

Paraldehyde..............| 13 ean Np ae 
DIN Sve os. toe rou eu 1.4 7.8 12.1 14.4 
Prema 2. 2.4 9.5 11.4 14.3 
Propyl acetate............ 1.8 8.0t és 
Propyl alcohol............ 2.5 sien a eR iad pi eee 
RR re 2.0 11.1 2.1 | 53 11.5 14.1 
Propylene dichloride.......| 3.4 14.5t a naif 
Propylene oxide........... 2.1 21.5 

PIRES... SA 1.8 12.4 
Tin tetramethyl. .......... 1.9 oe 
5 Re aR a cee 1.3 6.7 

Vinyl chloride............. 4.0 22.0 Rey FREE 
WINTON. oh saeco eh esas 1.7 27 1.8 | 85 
ONE. S55 CEE AA CG 1.0 6.0 
* At 60° C. ¢ At 100° C. t At 125° C. § At 30° C. 


(From Safe Practices Pamphlet No. 34—National Safety Council, Inc.) 


2. Substitution of a non-toxic or less harmful substance for the 


harmful one. 


3. A change in the operation or process to eliminate the hazards. 
4. Natural draft or mechanical exhaust ventilation to dilute or 


entirely remove the harmful substance. 


5. Respiratory protective devices or other protective clothing 


or skin creams. 
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Explosion HAZARDS 


1. Fired pressure vessels, boilers or jacketed kettles may explode 
if the pressure gets too high. All should be equipped with safety 
devices consisting of relief or pop valves, low water alarms, fusing 
plugs or temperature and pressure regulators. In addition they 
should be operated by qualified persons and should be periodically 
inspected for defects or deterioration. 

2. Unfired pressure vessels, such as air compressors, air tanks, 
gas tanks, etc., may also explode. All should be equipped with 
safety or relief valves, should be adequately supported so that they 
cannot fall and become weakened or ruptured and should be kept 
cool so that pressure will not increase through temperature rise. 
Tanks containing air should be drained frequently to remove oil 
and water. 

3. Flammable liquids and gases. Many liquids and gases will 
burn when properly mixed with air or oxygen. If this mixture is 
confined a rapid fire or explosion results. In using such materials 
one must be familiar with the flash point of liquids and the explo- 
sive limits of vapors or gases. Prevention consists in keeping the 
concentration below the explosive limits by keeping air or oxygen 
away from the vapor or gas, and by eliminating possible sources 
of ignition, including explosion proof electrical equipment, ground- 
ing of static electrical charges, the use of non-sparking tools, con- 
ducting shoes, ete. (See Table VI.) 

All organic dust and many metals will explode if suspended in 
air in finely divided form in sufficient concentration. It is also of 
course necessary to have the area enclosed and a source of ignition. 
Such organic dust as starch, sugar, spices, wood, soap, carbon and 
rubber are very explosive. Aluminum, magnesium and other me- 
tallic dusts are also explosive under proper conditions. Dust ex- 
plosions may be prevented by enclosing the process to confine the 
dust, using exhaust ventilation to keep the dust below the explosive 
limits, preventing accumulations of dust by vacuum or wet sweep- 
ing methods, the use of inert gas instead of air in grinding equip- 

ment and magnetic separators and by eliminating sources of ig- 
nition. 
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A NATIONAL SURVEY OF ENGINEERING DRAWING 
CONDUCTED BY THE DRAWING DIVISION OF 
THE SOCIETY FOR THE PROMOTION OF 
ENGINEERING EDUCATION 


1941-1942 


I. OrIGIN AND PURPOSE OF THE SURVEY 


For many years there has been developing a feeling of dissatis- 
faction among members of the Drawing Division concerning the 
difference in the practice of the various colleges and universities in 
the handling of high school credits in drawing. Among college 
teachers the opinion is general that too great liberality in recog- 
nizing secondary school work will result in lowering college drawing 
to the same level. 

Among high school drawing teachers on the other hand there is 
a very definite conviction that not enough recognition is given to 
the work done in the high school. This has often been vigorously 
expressed in Drawing Division meetings at which high school teach- 
ers were invited to participate. 

Again in our larger cities, Junior Colleges in particular have 
been subjected to considerable pressure to give definite recognition 
for high school drawing by excusing the student from college 
drawing. 

A second problem which confronts the colleges is the transfer of 
eredit among themselves. The difficulty arises largely because of 
the divergence in the amount of ‘‘credit hours’’ required in the engi- 
neering curricula in the various engineering colleges and the dif- 
ference in the apparent rigor in teaching the course in schools 
having different purposes and objectives, as, for example, liberal 
arts or teacher training institutions. 

At the meeting of the Drawing Division at Berkeley in June 
1940, C. V. Mann proposed that a national survey of engineering 
drawing be made to determine the facts (a) as to the practice of 
our engineering colleges in regard to the treatment of high school 
drawing credits and (b) as to the general quality and method of 
conducting drawing courses in the colleges themselves. This pro- 
posal was approved by the Division. 

In September, 1940, the executive committee of the Division met 
at the University of Illinois and after discussion of the various 
phases of the problem authorized the chairman to proceed with the 
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preparation of a questionnaire, and a detailed statement of the 
purpose, estimated cost of making the survey, and the method of 
procedure to be followed. This was done and copies sent to the 
members of the executive committee prior to the mid-year meeting 
of the Division at Washington University in St. Louis on February 
22, 1941. Suggestions and criticisms were received and the pro- 
posal redrafted for submission to the council of S. P. E. E. for 
the approval of the project with a request for an appropriation of 
$250 to finance it. Council approved the project and granted the 
funds at the annual meeting in Ann Arbor, June, 1941. 

After further study and debate, the questionnaire, a copy of 
which is appended to this report, was approved by the executive 
committee of the Drawing Division. 

The codperation of sixty-eight colleges in the forty-eight states 
in distributing and collecting the questionnaire was solicited. The 
colleges in each case were those whose curricula were approved by 
the Engineers’ Council for Professional Development (E.C.P.D.). 
Hereinafter these schools will be referred to simply as ‘‘E.C.P.D. 
Schools’’ for brevity, it being understood that this means schools 
which have had one or more of their curricula approved by E.C.P.D. 

At least one college was selected in each state, with from two to 
four in the more populous states. Each one was asked to submit 
a list of not to exceed ten colleges or Junior Colleges (not on the 
E.C.P.D. list) from which they received transfer students with 
drawing credit. In states with two or more codperating colleges 
these lists were checked to avoid duplication. Each college was 
required to stay within the territorial limits of its own state in 
making up its list. 

Forty-eight colleges responded and did codperate with a re- 
sulting accumulation of 239 usable questionnaires distributed geo- 
graphically as shown on the map in Fig. 1. 

Throughout the report the results have been studied and classi- 
fied in various ways which seemed to promise significant results. 
A part of this study was to determine whether the group of 48 co- 
operating E.C.P.D. Schools was in any way superior to the general 
average and if so to use them as a basis of comparison with other 
groups and with individual schools. It was found that the dis- 
tribution on the basis of financial support and control was as fol- 
lows: 


11 Private Schools operated for profit. 
31 Parochial Schools operated under church auspices. 
53 Municipal Schools—financed by cities or local districts. 
43 Endowed Schools. 
101 State supported institutions. 
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On the basis of the major objective of the school they were divided 
into engineering, liberal arts, teacher training or vocational schools 
with the following distribution : 


108 engineering or pre-engineering curricula. 
77 liberal arts. 

40 teacher training. 

14 vocational. 


Throughout the report it will be found that the geometric axiom, 
‘*the whole is equal to the sum of all its parts,’’ does not hold good. 
A total of 52 questions were asked. Some of these questions did 
not seem to apply to certain schools, for others data were not avail- 
able and in some instances no doubt questions were overlooked. 





























Fig. 1. Geographic Distribution of Replies. 


In general, whenever a question was answered it was tabulated 
and used unless a supporting question necessary to give meaning 
was overlooked. The conclusions drawn are not of such a char- 
acter that the lack of a perfect mathematical check could invali- 
date them. The variation in general is slight. 

The report has been made in the following five sections. 


I. Origin and purpose (as above). 
II. Treatment of high school drawing credit by the colleges. 
III. Preparation and experience of drawing teachers. 
IV. Course administration. 
V. Course content. 
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ded II. TREATMENT OF HigH ScHoot DRAWING CREDIT BY THE COLLEGES 


ools 1. Entrance credit—Not so many years ago manual arts sub- 


jects, as they were then called, were not accepted for admission to 
college. It was therefore decided to find out how far this practice 
had been modified with respect to high school drawing. The re- 
sults are shown in Fig. 2 by groups and for the total. 
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Fie. 2. High School Drawing Credits Accepted for College Entrance. 


It will be noted that all groups and the total follow essentially 
the same pattern. They indicate clearly the tendency to accept 
first one unit, then two. The low grouping at three units may 
indicate that at this point many schools have decided upon a com- 
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plete revaluation of their entrance requirements and have either 
chosen to limit manual arts or vocational subjects or have decided 
to accept these subjects on the same general basis as academic sub- 
jects. 

Another reason for the drop at two units is the fact that a large 
number of high schools offer only two units of drawing. Hence 
there is not the need or demand for further credit. 

If we reassemble the data showing how many schools will accept 
one unit, how many two units, and so on, the distribution of Table 
I is found. 

TABLE I 


Hieu ScuHoot Drawine CrREpDITs ACCEPTED FOR COLLEGE ENTRANCE 








Credits 0 | 1 | 2 | 3 4 | Total Schools 








| 
pe Sharia Sates aie ae 39 | 190 | 129] 75 | 60 | 228 





This indicates more clearly the fact that high school drawing still 
has a considerable distance to go to be accepted on a par with so- 
called academic subjects in meeting college entrance requirements. 
It is clear, however, that the colleges have liberalized their require- 
ments a great deal and that in the great majority of schools at least 
one unit of drawing offers no handicap. 

A further study of the thirty-nine schools which do not accept 
drawing as an entrance credit would be very interesting. Of this 
group, eleven were primarily liberal arts schools, eight teacher 
training colleges and twenty had engineering or pre-engineering 
curricula. 

2. College credit for high school drawing.—This question en- 
deavored to ascertain how many colleges, if any, gave credit toward 
college graduation requirements for high school drawing whether 
used for entrance or not used. Table II shows the results and dis- 


TABLE II 


Hieu ScHoot Drawine Crepir USED TOWARD COLLEGE 
GRADUATION REQUIREMENTS 








Type of School} Private | Parochial | Endowed | Municipal State E.C.P.D. Total 





No 
224 


No} Yes 
40| 14 


No | Yes 
104} 1 


No} Yes 
45| 3 


No} Yes 
39| 6 


No} Yes 
25| 2 


No} Yes 
91 °% 


Yes 
2 


No. of 
Schools. . . 






































tribution of the answers to this question. Such credit was granted 
on the record, not by proficiency examinations. 
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A total of 77 persons received such credit in eight different 
schools, 60 of them in one school. While the results are not 
startling they do indicate a situation in a few schools which should 
be definitely discontinued. As one would expect, the situation is 
most unfavorable among privately operated and municipally con- 
trolled schools, where pressure is probably greatest. 

3. Students excused from college drawing on the basis of high 
school drawing.—This question is one of the primary ones which 
prompted this survey. The problem arises because of the follow- 
ing situation. 

(a) Ambitious and progressive high school teachers secure from 
various sources the problems which are used in college drawing 
classes and give these problems to their students. Subsequent 
comparison of one of the better high school sets of drawings with 
a college set reveals little difference except that the amount of work 
done in the high school is larger. 

(b) Some college texts are used widely in high schools. When 
the same text is used in both the high school and the college a still 
more difficult explanation is required of the school which refuses 
to recognize high school drawing. 

(c) College methods of teaching, as revealed in not a few in- 
stances in this survey, differ little from those of the high ‘school 
especially when both are based on the false assumption that draw- 
ing is a subject peculiarly adapted to individual instruction with- 
out planned classwork. Little can be said for the college work in 
such cases. 

On the other hand, the following conditions in the high school 
militate against the automatic acceptance of high school drawing 
as adequate preparation for an engineering career. The following 
items stand out in many years of the combined experience of a large 
number of men. 

(d) In large city schools where the preponderance of high 
school drawing is taught, sections or classes will be found to range 
from 32 to 45 or more. The instructor will have frequently from 
5 to 6 such classes per day each day of the week. 

(e) Again because of the false assumption of individual in- 
struction, class work sometimes is not planned and by the middle 
of the semester some students are working on the second problem, 
others will be on the ninth or tenth, and the class lacks coherence 
and homogeneity which makes group instruction possible. With 
the situation as in (d) above individual instruction is a pure de- 
lusion. 

(f) High school administrators likewise often hold the errone- 
ous notion of individual instruction and even in large schools where 
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enrollments are ample to permit homogeneous registration as to 
grade, classes will be found in which first, second, and third year 
drawing students are indiscriminately mixed. Of course, if the 
high school practices this same theory with respect to algebra, 
Latin, history and the languages, its position is at least consistent 
but it can scarcely be regarded as conducive to learning. 

(g) The administrator occasionally makes the drawing course 
the dumping ground for the high school misfits. Here they can be 
kept occupied and out of trouble. Learning is not expected. 

(h) In addition to the foregoing, which are largely mechanical 
details that very seriously interfere with instruction, it must be 
clearly recognized that the objectives of the high school are no 
longer college preparatory but designed rather to meet the needs 
of the community in which it exists. This being the case instruc- 
tors on both sides of the line must recognize that they have a par- 
ticular job and that neither will necessarily fit perfectly into the 
work of the other. The summary of the answers to the question 
are shown in Table ITI. 


TABLE III 


Srupents ExcusED FROM COLLEGE DRAWING ON THE Basis or HiaH 
ScHooL DRAWING WITHOUT EXAMINATION 


















Type of School | Private | Parochial | Endowed | Municipal} State nce. | Total 








No 
35 


Yes | No 
30 | 199 


No 
95 


Yes 
6 


No} Yes 
44| 12 


No} Yes |No| Yes 
22} 7 |29|) 6 


No} Yes 
4 













No. of Schools 


















































Here the private schools show the best record with the parochial 
and endowed schools above the average in liberality. This can be 
accounted for, though not approved, by the fact that these schools, 
being more than half liberal arts institutions, are likely to view 
drawing from the cultural rather than the engineering aspect. 
Comments on this question returned with the questionnaire indi- 
cate that many schools are rather careful in excusing students from 
college drawing. 

Although the survey has given us a picture of the situation 
throughout the country and has given an answer as to the best 
practice by a ratio better than 6 to 1 the problem needs further 
study since pressure upon this point is likely to continue particu- 
larly where local influences are effective. 

4. Students excused from college drawing on the basis of com- 
mercial work.—The data upon this question are summarized in 
Table IV. 
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TABLE IV 


SrupEents Excusep FROM COLLEGE DRAWING ON THE BASIS OF 
CoMMERCIAL WoRK WITHOUT EXAMINATION 








Type of School | Private | Parochial | Endowed | Municipal] State EcPD,| Total 





No 
189 


Yes 
No. of Schools} 1 


No} Yes 
8 1 


No} Yes 
25| 13 


No| Yes 
22; 3 


No} Yes 
46| 18 


No| Yes |No 
86) 15 | 26 


Yes 
35 















































Here the E.C.P.D. and endowed groups are the worst offenders and 
the total record presents much the same picture as the high school 
drawing situation. 

In both cases the total number of students excused from college 
drawing on the basis of either their high school record or commer- 
cial experience was 145. This is insignificant when compared to 
the total enrollment in college drawing which was 33,880 in the 
schools involved in this survey. 

In this instance again we could dismiss the matter as satisfac- 
tory and point to majority procedure as the best practice. There 
is, however, a definite principle involved which the Drawing Di- 
vision of S. P. E. E. considers it should call to the attention of the 
schools. 

The excusing of students in the two foregoing groups, was pre- 
sumably based upon the record of the students. Quite a number of 
schools indicated that they required the presentation of drawings 
but did not give proficiency examinations. This Committee is 
definitely of the opinion that the examination of drawings, while 
more reliable than the outright acceptance of the students’ record, 
nevertheless gives no accurate measure of the students’ ability to 
accomplish more than the mere copying of drawings with acceptable 
technique. On the college level drawing should do much more 
than develop technique or make craftsmen. 

5. Proficiency examinations.—Quite a number of schools are 
now giving proficiency examinations in drawing as indicated in 
Table V. This practice is recommended for it is manifestly unfair 
to require an individual to repeat work in any subject in which 


TABLE V 
Proricrency EXAMINATIONS 








Type of School | Private | Parochial | Endowed |Municipal) State | E.C.P.D. Total 








Yes | No| Yes |No| Yes | No} Yes| No 
10 |35| 31 | 65 


Yes | No} Yes |No} Yes |No 


No. of Schools 6 |18| 14 | 22 
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he can demonstrate acceptable proficiency and intelligent under- 
standing. For college credit it must be above the vocational level. 

6. Results of proficiency examinations.—The results obtained 
from proficiency examinations shown in Table VI and the com- 
ments added to the questionnaire indicate that in general such 
examinations are given with careful investigation into the students’ 
prior experience. In a few instances, however, exceptionally high 
passing rates involving large numbers would seem to indicate an 
examination that was unsatisfactory. The total result in this case 
was seriously affected by one school which gave 75 examinations 
and passed 75. 











TABLE VI 
Resvutts oF Proricrency EXAMINATIONS (1940-41) 
Type of School Private | Parochial | Endowed | Municipal State E.C.P.D. Total 
| 
Take| Pass} Take} Pass| Take| Pass} Take} Pass} Take| Pass} Take| Pass} Take| Pass 
No. of Students....... 18 16 0 0 16 13 76 75 | 322 | 91 | 303 | 81 | 432 | 195 












































7. Segregation of students based upon previous drawing record. 
—The current practice is indicated in Table VII. The answers to 
this question are modified largely by the enrollment of the institu- 


TABLE VII 
SEGREGATION OF STUDENTS BasED ON Previous RECORD 








| 
Type of School | Private | Parochial | Endowed | Municipal} State baum | Total 





No 
192 


No 
92 


No 
35 


Yes 
38 


Yes 
6 


No} Yes 
33} 11 


No} Yes 
38} 15 


No| Yes 
ae 


No| Yes 
23 5 


Yes 
No. of Schools} 2 






































| 


tion and its location. Quite obviously, schools with enrollments too 
small to provide an adequate section of advanced students cannot 
afford to provide this training. It should be said, however, that 
many of the smaller schools are attempting to meet this situation 
by special attention to the individuals who have had previous ex- 
perience. While this does not permit of the same thoroughness 
as a segregated section it is nevertheless the best answer that can be 
provided in the particular case. 

It may be noted that although the E.C.P.D. schools have the 
largest enrollments (41 schools enrolling over 19,000) yet these 
schools have almost the lowest record in the practice of segregation. 
It may be noted that 28 of our 48 states are still preponderantly 
rural with consequent small towns and small high schools where 
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not a great deal of drawing is taught. Schools in these states may 
have little call for segregation. ’ 

8. Conclusions—The general picture as to the topics covered 
in this section is satisfactory. Individual colleges are here and 
there badly out of line. Conclusions on the various points covered 
in this section have been indicated in the discussion of each point. 
They are summarized here for convenience with a few additional 
recommendations : 


a. Entrance credit being based largely on the function of the 
school was beyond the scope of this report and was presented 
as a matter of interest only. 

b. College credit for work done at the secondary level we believe 
should be definitely discontinued. 

c. The excusing of students from college drawing should be 
based on adequate proficiency examinations at the college and 
not the vocational level. Drawings previously made by the 
student should be accepted as a part of this examination only 

. as evidence of skill in technique. 

d. It is recommended that the Drawing Division through one of 
its committees prepare a typical proficiency examination 
which may be used as a guide by those who wish to use it. 

e. Where conditions warrant, the practice of segregating stu- 
dents, who have-had two or more years of high school draw- 
ing, into special sections is recommended. Short trial pe- 
riods or screening tests may be used to weed out those unfit 
for more rapid or advanced work. 


We believe that the offering of an adequate proficiency exami- 
nation for those who appear upon interview to be able to pass it 
and the offering of advanced work in special segregated sections 
meets all the demands which any reasonable high school teacher 
may make. It also meets the need and recognizes the merit of the 
individual student who has applied himself and finally it protects 
and preserves college work at its proper level. 


III. PREPARATION OF TEACHERS 


1. The purpose of the questionnaire relating to the preparation 
of teachers was to obtain some measure of the quality of teaching 
in engineering drawing. It is a well known fact, which is here 
clearly recognized that a mere statement of degrees earned, plus 
years of teaching experience, plus years of experience in engineering 
or practical drafting work is not an accurate or infallible measure 
of the quality of teaching. There are individual exceptions to these 
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measures of teaching ability just as there are individual exceptions 
to the validity of intelligence tests. There are no doubt some good 
teachers who do not hold degrees from any institution and likewise 
some Ph.D.’s whose teaching practices are totally inadequate, yet 
by and large it must be recognized that certain types of training 
as evidenced by degrees held from reputable schools are an essen- 
tial foundation for successful teaching. Likewise it must be agreed 
that most normal individuals gain in skill from actual teaching 
experience. 

For the teaching of drawing, as for any other engineering sub- 
ject, actual experience either in the preparation or in the use of 
engineering drawings is of marked value in lifting the teaching 
above a didactic academic level to the inspirational level which 
makes for real achievement. 

In accrediting schools at the secondary level a definite amount 
of training in the field of specialization is a prerequisite for ap- 
proval. This is no doubt assumed to be the case for teaching at 
the college level. In engineering drawing this is particularly nec- 
essary and requires considerable attention on the part of adminis- 
trators and those responsible for accrediting. This is due to the 
fact that engineering drawing today is an art as well as a science. 
The course of instruction today is vastly different from that of 
twenty years ago. While the underlying principles of projection 
have remained unchanged a wider field of usefulness and applica- 
tion has come into existence. 

For example, the subject of pictorial representation, in either 
isometric, oblique or perspective form, has changed from a matter 
of academic interest to one of practical utility not to say necessity. 

Again the subject of dimensioning and of notation of shop 
operations scarcely to be found in the texts of 20 or 30 years ago 
now requires page after page of exposition and illustration. Pro- 
duction methods, precision measurements or gaging can not be ig- 
nored in the drafting room. With these rapidly advancing and 
changing techniques, the teacher of engineering drawing must be 
familiar. 

Hence the recognized requirement of training in the field of 
specialization is particularly important for the teacher of engineer- 
ing drawing. It is imperative that his training in drawing have 
the engineering background and outlook. It is also essential that 
he have some practical experience in the engineering drafting room 
and that in some way he maintain such contacts. 

It must now be pointed out that courses in drawing as presented 
in Liberal Arts Colleges and Teacher Training Schools are not 
adequate as training for the engineer or the prospective teacher of 
engineering drawing. Objectives are different and purposes more 
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diffused. For this reason a segregation has been made in the classi- 
fication of the degrees of teachers. 

In thus emphasizing the practical aspects of engineering draw- 
ing, the cultural objectives of the college and university must not 
be overlooked. Likewise the professional ideals of engineering 
require that drawing be taught with more than the vocational or 
trade view point. This requires a depth and rigor in training in 
the principles of projection which will make of the student a master 
of the art rather than merely a skillful pusher of the ruling pen. 

In the teaching profession, personality is as important as ade- 
quacy of training. Into these qualities this survey did not inquire. 
It should be pointed out, however, that many personal characteris- 
tics, such as judgment, patience, breadth of view and sympathetic 
understanding are the result in large measure of years of experi- 
ence. Hence experience in the teaching field is important from this 
point of view as well as significant as a measure of the acquirement 
of skill in teaching techniques. 

It is with this viewpoint that the following data are presented. 
They are summarized first to present the total picture and then 
analyzed by groups as in the first sections of this report. 

2. Education of teachers.—The degrees were tabulated accord- 
ing to the highest held by each individual. The B.S. and MS. de- 
grees were in most cases in engineering or the physical sciences. 
When indicated as in education or other field they were separately 
tabulated and summarized with the B.A. and M.A. degrees. The 
professional engineering degree was assumed to be for our purpose 
as of higher rank than the M.S. degree. The Ph.D. degrees noted 
were in academic subjects with the exception of one or two honorary 
D.Se. degrees. 

In 239 schools reporting, drawing was taught by 283 full-time 
teachers, 300 who devoted only part time to drawing and by 83 
undergraduate student assistants. In 57 cases the experience 
record was omitted. The various parts of the analysis therefore 
do not total 583 teachers as we wish they might. The tabulated 
results are shown in Table I. 

Relatively few persons (3 per cent) held no college degrees but 
in most cases these persons had a record of long teaching experience. 
This situation needs little comment since it should correct itself as 
these persons retire with the passing years. 

The total of B.S., M.S., and professional degrees is 381, indi- 
cating that 72 per cent of our drawing teachers have an engineering 
or scientific background in their training. 

The total of B.S. in Ed., B.A., M.A., and Ph.D. is 128. Hence 
approximately 24 per cent of the teachers have degrees which indi- 

cate training in education or other liberal arts subjects. The train- 
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TABLE I 
Decrees HELD BY DrawInG TEACHERS 














N B.S. ~» | M.S. 

Type of School peoee B.S. | B.A. | Gq" | M-S. | pg | Prof.| Ph.D.| Total BD 
WUOOEO 6» 3 a's ks sneer 1 41 0 0 1} 4 0 1 11 0 
Parochial...... 1 11 5 1 10; 6 0 3 37 0 
meewee.i es 2 46| 4 2{ 21} 10-| 17 7 |109| 10 
Municipal........... 5 31; 4 3 | 24] 23 8 1 99 3 
PN iso 5 gee oe ebin s 8 |109| 3 8 | 72] 31 | 27} 12 | 270| 44 
Teacher Training .... 0 4) 1 2] 10} 20 1 3 | 41 3 
BE lee Sete ote. 8 115] 2 9} 59] 6] 38 7 |244| 36 

De Ra a 17 |210| 16 | 14 |128| 74 | 52 | 24 | 526| 57 



































* Note—Totals represent the sum of the first five groups. 


ing of this group must in general be regarded as inadequate for the 
successful teaching of modern engineering drawing. As will be 
noted later there seems to be little possibility of changing this 
situation. 

Thirty-four per cent of the group hold M.S. or professional 
engineering degrees. This group should become relatively much 
higher. With proper administrative encouragement this can be 
achieved. 

3. Teaching experience.—The record of teaching experience is 
shown in Table II. The impression was formerly held that draw- 
ing teachers were a young and inexperienced lot. The chart 
clearly indicates the incorrectness of this impression. Of the 530 
teachers for whom records were given 70 per cent have had five 


TABLE II 
Years or TEACHING EXPERIENCE 

















Years of Experience 
Type of School Totals By sa 
1/2/3]/4/5]6]7]| 81] 9 | 10] 15| 20/25 \25+ 

Private. .... 8}1/1);0;);0;0;);1;0/0/0;2;0;0] 3 11 0 
Parochial....} 5| 2} 3}3]}/1/2/2/1/)}2]1/)9|3j;]2/] 1 37 0 
Endowed..../24/ 6/10} 4/ 5/9] 1/]4]1/]6/] 9/12] 4]12] 107 12 
Municipal...| 4} 0} 3| 7} 3} 6} 3} 2/ 0 |17 {13 |23 | 9; 8 98 4 
State....... 44 {10 /15 | 9 |16 }11 | 6 | 5 | 6 [20 |38 |45 |21 | 31| 277 37 
Teacher 

Training..| 3; 0;/0/;0/2;3/0/0/2;|2/;4/12/} 4] 9; 41 3 
E.C.P.D...../40 | 8 |14 |10 |12 | 9} 6 | 5 | 4 |23 |27 |42 |25 | 29| 244 36 

Totals. . . ./80 |19 |32 |23 |25 /28 |13 |12 | 9 |44 |71 |83 |36 | 55 | 530 53 
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years or more of teaching experience while 54 per cent have had ten 
years or more. 

The first year of experience was difficult to break aude since the 
reports came in, almost throughout the entire 1941-42 school year. 
Many indicated a fraction of a year’s experience which was inter- 
preted to mean a beginning teacher. The record indicates that a 
considerable number drop out of teaching drawing after the first 
year but the continuity of the chart shows that the intake of new 
and inexperienced young men is normal for the maintenance of the 
group. 

In counting teaching experience it will be noted that no class 
with zero experience is listed. This was due to the difficulty of 
segregating this group in the data secured. This may in part ex- 
plain the great discrepancy between the one and two year experi- 
ence records which as the total would indicate shows about a 
seventy-five per cent loss between the first and second years which 
seems unduly large. We are therefore not in a position to make 
any comment on this turnover. The drop in employment nine 
years ago is clearly shown in the totals of Table II. 

4. Engineering experience.—The data concerning practical engi- 
neering experience are shown in Table III. Here again the record 


TABLE III 
YEARS OF ENGINEERING EXPERIENCE 

















Years of Experience 
Type of School Totals B, ana 
o}1}/2/3)]4]{ 5 }10/15)15+ 

ARR a re Gate tg pee para 4;41;1;0/;0/;0;2/0] 0O 11 0 
So i-aia's «u/c hers ad 18}6;0;2;2;3/;3)1 2 37 0 
MPI SS. vans ees decses 17 |11 |12 | 8 | 6 |28 |14|; 9| 41] 109 10 
MN SS. SE 5 SS 26; 9/14) 5/|6/14/13| 7) 4 98 4 
ere rey ne eet 56 |37 |31 |26 /28 /44 /31 |13 | 13 | 279 35 
Teacher Training........... 21;6;1/}5);1;4/;2/0; 1 41 3 
(0 ROR SR eam a 27 |30 |36 |20 |29 |/48 |38 |16 | 10 | 254 26 
Te eR 121 |67 |58 |41 |42 |89 |63 |30 | 23 | 534 49 






































shows not only a very satisfactory amount of experience by the 
group as a whole but offers further conclusive proof that the as- 
sumption of inexperience concerning drawing teachers is totally 
unwarranted. From the replies received it appears that many men 
are able to carry on engineering work in conjunction with their 
teaching while others have acquired their experience largely by 
summer employment and some by years of experience prior to en- 
tering the teaching profession. 
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It must be said, however, that the number of men without engi- 
neering experience is much larger than the number who are first 
beginning their teaching careers indicating that a large number 
continue in teaching without an attempt to acquire practical ex- 
perience by summer work or in any other way. In mitigation it 
may be said that during the past ten years of restricted business 
operations such work was difficult to get. This situation can be 
and should be remedied by administrative effort in giving eneour- 
agement and, if need be, assistance to the younger men in securing 
summer employment. 

While the total picture as to training and experience thus pre- 
sented is quite satisfactory as a whole, a detailed analysis indicates 
some weak spots in certain groups, and in particular schools, which 
could well be remedied, with a distinct advantage to the schools 
and a corresponding benefit to the students whom they prepare. 
The breakdown of the data according to groups is shown in the first 
three Tables where comparisons between groups can readily be 
made. 

5. Study of groups of schools. 

(a) Private schools—In this group of eleven schools are repre- 
sented 6 full-time men, 5 part-time instructors and 7 student as- 
sistants. Of the 11 teachers, 1 held no degree and 5 were Arts or 
Education degrees indicating little or no engineering background. 
The 7 student assistants were all in one school under the direction 
of a full-time instructor. 

Four of the 11 had no practical experience and another 4 had 
only one year. Five had three years or less of teaching experience 
and 6 had seven years or more. 

Student assistants——Not only in the group above but in all 
groups the use of student assistants, unless confined entirely to 
mechanical work such as recording grades, making blueprints, 
typing or the like, must be regarded as unsatisfactory. 

Granted that there is little difference between a senior and the 
man just graduated as far as ability is concerned, nevertheless 
there is a marked difference in the student attitude. The student 
does not respect a fellow student nor his opinions and advice. The 
graduate who holds a degree and who is a regularly appointed 
member of the staff gains thereby respect and prestige that cannot 
be conferred upon a student assistant. Obviously the student as- 
sistant’s major interest must be in getting his degree. 

‘It should also be noted that the employment of young gradu- 
ates without a few years of experience is not approved by the fore- 
going statement. A department having a ratio of one experienced 
teacher to 7 new and inexperienced men even with degrees could 
not be condoned except as a rather rare emergency situation. Dur- 
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ing the present war, obviously little can be done and the situation 
may become worse. 

(b) Schools under church control.—These schools listed 7 full- 
time and 30 part-time teachers with 4 student assistants. Only 
one held no degree while 21 indicated degrees of an engineering 
character. Fifteen had Arts or Education degrees. 

From the viewpoint of teaching experience the record of this 
group compares favorably with the total. The number of begin- 
ners is normal. The ratio of men without practical experience is 
high. In 14 of the 30 schools, no one teaching drawing has had 
practical experience. - 

In many instances the record of no experience corresponds with 
an arts degree and in quite a few instances with a long teaching 
career. Quite obviously these men are not in a position to secure 
engineering employment and their teaching must have a strong aca- 
demic flavor. Furthermore because of small enrollments in draw- 
ing in many of these schools and the consequent large ratio of part- 
time teachers devoting their major interest to other subjects, there 
seems to be no reasonable solution for this situation. 

(c) Endowed schools——The forty-three schools in this group 
indicated 61 full-time and 58 part-time teachers with only 5 student 
assistants. 

Eighty-four had engineering degrees while only 21 had Arts or 
Education degrees and two held no degree. The teaching experi- 
ence record is about normal and the practical experience record is 
quite favorable to this group. In only eight of the schools was 
drawing handled entirely by men without practical experience. 

(d) Municipal schools.—Fifty-three schools reported 35 full- 
time and 67 part-time teachers with 4 student assistants. Of these 
63 held engineering degrees while 31 held Arts or Education de- 
grees and 5 held no degrees. In this group the teaching experience 
record is quite favorable but the engineering experience record is 
not quite so good. In 17 of the schools drawing was taught by men 
entirely without practical experience. This group is again handi- 
capped by small enrollments in drawing as evidenced by the record 
and the large proportion of part-time teachers. 

(e) State schools ——One hundred and one state-supported schools 
reported 175 full-time and 139 part-time teachers with 68 student 
assistants. The student assistant ratio is unduly large in this 
group in fact the worst of the lot except for private schools. 

Of the total 208 had degrees representative of an engineering 
background, while 54 had degrees in Arts or Education and 8 held 
no degree. Only 14 of these Arts degrees were in engineering 
school, the remainder being in Liberal Arts Colleges or Teacher 
Training schools. 
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In teaching experience the group shows a normal distribution. 
In practical experience 56 men, approximately one-sixth of the 
total, had none. This corresponds to the Arts degree ratio in 
training and while there is not an exact correspondence between 
the two groups of individuals the Arts degree may be said in gen- 
eral to correspond with very small or complete lack of practical 
experience. 

(f) Teacher training schools—Among the state-supported in- 
stitutions a large number gave teacher training as their major ob- 
jective. A total of 36 such schools have 13 full-time and 31 part- 
time teachers with 2 student assistants. 

In this group 15 indicated degrees with an engineering back- 
ground, and 26 with an Arts or Education outlook while 3 were 
not given. 

In teaching experience the group is comprised of relatively old 
men, 25 of them having 20 years or more of experience. Twenty- 
one had no practical experience and 6 only one year. These schools 
trained 1400 students in drawing. 

Since a very large number of high school drawing teachers are 
trained in these schools it is to be regretted that the proportion of 
teachers with engineering degrees and engineering experience is 
not higher. Granted that the high schools are not training engi- 
neers and that their outlook is vocational and cultural rather than 
technical, nevertheless vocational drafting is done primarily in 
engineering and architectural establishments of one kind or 
another. 

From the cultural or general informational value thoroughness 
is of more real value than shallow acquaintance with a wide field. 
Because of mistaken laws requiring too much emphasis on method 
and not enough on subject matter, engineering graduates, the best 
qualified in the field for teaching drawing and some shop subjects, 
are barred from the field of high school teaching. In general they 
are not barred from the college field and could render real service 
in these teacher training institutions. 

(g) E.C.P.D. schools—Forty-four schools whose curricula are 
accredited by E.C.P.D. show 188 full-time and 92 part-time drawing 
teachers with 48 student assistants. The ratio of full-time to part- 
time teachers is the best of any group and should tend toward ex- 
cellence in the teaching of drawing since the full-time men can 
devote their energies to the matter. The ratio of student assistants, 
however, is regretably large, being exceeded only by the state 
group, of which they are a part, and by private schools. The diffi- 
culty is concentrated in about 8 schools and these institutions 
should be encouraged to remedy this situation. 

The degrees of 36 teachers were not given, 8 held no degree, 212 
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held degrees indicating engineering background while only 24 held 
Arts or Education degrees. One hundred and ten. were holding 
advanced degrees. As is to be expected this is by far the best 
record of any group. 

In teaching experience the record is good and indicates only a 
normal intake of new men. The engineering experience record like- 
wise is quite high with only 27 men indicating no experience. This 
number is in close relation to the number teaching for the first 
time and represents new men entering the profession in a normal 
flow. 

In only six schools is drawing taught entirely by part-time men 
whereas in 13 schools dr-wing is taught entirely by full-time draw- 
ing teachers. In the remainder there are combinations. In only 
one school was drawing taught entirely by a man without practical 
experience. 

6. Conclusions.—As a result of this survey it would seem highly 
desirable for the schools involved to study the student assistant 
problem, for this seems to be one that can be remedied. In few 
cases was there any indication that the studént assistant question 
was a war time problem. The situation is rarely complicated by 
small enrollments in the E.C.P.D. schools. These schools should 
give this matter more careful consideration. 

A second recommendation is that all engineering schools scruti- 
nize more carefully the work accepted for full credit from institu- 
tions in the other groups where the amount of time devoted to 
drawing may be short and teaching is likely to be academic in tone, 
cultural in purpose and lacking in rigor. 


IV. Course ADMINISTRATION 


1. Under this heading we have considered a wide variety of 
items which affect the quality of work done as well as the ground 
covered, a point which cannot be overlooked in dealing with draw- 
ing from an engineering viewpoint. A certain minimum of topics 
must be treated thoroughly if the work is to be considered adequate 
for entrance into the engineering profession. 

In the foregoing paragraph we have used the term profession 
with the full implication given to it when applied to other profes- 
sions. Professional engineers are presumed to be men of learning 
and culture as well as men skilled in the practice of an art. The 
engineering profession, if it is to be a profession rather than a 
skilled trade or craft, must place emphasis upon understanding 
and appreciation of principles rather than operation by rule of 
thumb. For this reason the underlying principles of drawing 
should be strongly emphasized in addition to training in manual 
skills. 
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Again if the college and university has an objective beyond 
that of a trade school, that objective must emphasize the develop- 
ment of the intellect. The college man and particularly the engi- 
neer should know why as well as how. Education at the college 
level should produce a body of men who are not only well versed 
in certain sciences but a group in whom the ‘‘intellectual appeal 
strikes a responsive note.’’ This is an attitude which must be de- 
veloped over a long period of time. It should be exemplified in the 
teaching of every college course including drawing. 

One must recognize, however, that in a study such as this, cov- 
ering courses in drawing with extremes in enrollment varying from 
6 to 2700, no set pattern can be applied. It is likewise understood 
that principles and practices of teaching which apply to the group 
in general may not be valid as concerns one individual course. 
Superior intellect, sympathetic interest in students, additional time, 
and endless patience on the part of an individual teacher may pro- 
duce results in the absence of commonly accepted methods whick 
have proved superior in general practice. It is with these things 
in mind that we examine the facts as we have been able to ascertain 
them. 

2. Semester or quarter system.—As a matter of general interest 
which has no particular bearing on teaching efficiency it was noted 
that of the 229 schools reporting on the question 187 were on the 
semester system and 42 on the quarter system. No one classifica- 
tion of schools seemed to favor the quarter system since there was 
diversity in all groups. The two systems have, however, made 
comparisons more difficult. 

3. Departments teaching drawing.—In 77 schools drawing was 
taught by a separately organized department. In other schools 
the distribution was as shown in Table I. 


TABLE I 
DEPARTMENTS TEACHING DRAWING 








Dept. Drawing | Math. | Gen. Eng. | Ind. Arts} Physics} M.E.| C.E.| Art | E.E. 























No. of Schools...| 77 31 29 22 10 10 | 6 2 1 














The question was not answered by 51 schools which presumably 
did not have large enough organizations to warrant departmental 
designation. 

Forty E.C.P.D. schools show the distribution in Table Ia. One 
school gave no designation. 

In this connection it is interesting to note that in 159 schools 
drawing was taught by one man either full-time or part-time. In 
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TABLE Ia 
DEPARTMENTS TEACHING DraAwING IN E.C.P.D. ScHoois 











Dept. Drawing| M.E. | C.E. | Gen. Eng. | Ind. Eng. — 
No. of Schools............. 24 6 4 3 1 1 























98 schools drawing was taught by one part-time man, in one case a 
senior student. The enrollment in drawing in these schools is 
generally too low to warrant a full-time teacher but in a few in- 
stances the load carried by the part-time man was large enough to 
warrant a full-time man if adequate time were devoted to the sub- 
ject. In several schools the enrollments were so small that the sub- 
ject was taught only in alternate years. Table II shows the dis- 
tribution of schools having part-time teachers. 











TABLE II 
Scuoots Havine Onty Part-Time TEACHERS OF DRAWING 
No. of Part-Time Teachers 1 2 3 4 5 6 ER 
Mo. Os 25s 98 | 14] 5 2 2 1 2 1 





























In only 5 of 40 E.C.P.D. schools was drawing taught by part-time 
men only. 

The questionnaire obviously could not go into all of the factors 
which affect school administration. But on the basis of effective 
teaching alone, it would seem that schools having four or more 
part-time teachers of drawing could well consider the problem of 
full-time teachers. For some of the larger ones the advantages of 
departmental organization could seriously be considered. 

4. Part-time vs. full-time teachers——The question of part-time 
teachers who teach several subjects or full-time teachers who teach 
one subject can be discussed from either the viewpoint of effect on 
students or the effect on the teacher. 

From the viewpoint of serving the best interest of the student 
there seems to be little argument either in reason or experience to 
indicate that a man dividing his time between the teaching of from 
two to five subjects (the range found in our study) can do as good 
a job at any of them, regardless of how simple they are, as the man 
who devotes his full time to one of them. 

With part-time teachers of subjects in unrelated fields one of 
these subjects will have a greater personal appeal to the teacher 
than the others. His most effective work will be done in that field. 
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The other fields will suffer. This is particularly true of drawing 
when combined with subjects given in the later years of the cur- 
riculum. 

With a series of subjects, preparation for class work becomes 
extremely difficult and leads to the adoption of stereotyped com- 
mercial materials which while better than hit or miss, makeshift, 
individually improvised materials is nevertheless not satisfactory. 

On the other hand, if the development of the teacher is consid- 
ered as of greater importance, the teaching of two subjects is bet- 
ter. And if the subjects are varied through the years it may lead 
to broader development. The later subjects of the curriculum 
which lend themselves to research investigation are, of course, most 
attractive. 

With a well-organized school of sufficient size having a well-ad- 
ministered drawing department, members of the department, can 
be given the opportunity for this broadening experience while 
maintaining the advantages derived from the concentration of full- 
time effort on the one subject. Committee organization will permit 
the continued preparation of fresh teaching material and the usage 
of the better teaching methods. In any event it would seem that 
the interests of the students rather than of the teacher should be 
the paramount issue. - 

Drawing teachers may serve the larger interests of the profes- 
sion by becoming expert in handling young men in the difficult 
transition period of their first year in college. This is a time of 
severe stress for many young men. Away from home and the en- 
couraging influence of parents and friends, the student may have 
great difficulty in doing his work—difficulties which are not ap- 
preciated by the hard-boiled young instructor just graduated. The 
great contrast of high school study and college study likewise brings 
discouragement to not a few. 

Beyond this, the pattern of mental attitude and habits set dur- 
ing the first year may persist throughout the college career; hence 
an inspiring teacher in college drawing who can give the profes- 
sional atmosphere and inspiration is a valuable asset both to the 
school and to the students who come under his direction. 

5. Teaching load.—It will be generally admitted that the teach- 
ing load has a direct bearing upon the quality and effectiveness of 
teaching, particularly when the load begins to approach the over- 
load region. Too many students per instructor will prevent the 
giving of quizzes or other forms of work which require evaluation 
or grading. It also reduces the amount of time which can be de- 
voted to any individual student for criticizing his work and making 
personal suggestions for its improvement. 

From the data secured it was practically impossible to get an 
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accurate record of the student-hour load on each teacher. The 
clock hour teaching load ranged from 13 to 32 with only 4 schools 
over 24 clock hours per week and the majority between 18 and 24. 

The majority of E.C.P.D. schools have a credit hour allowance 
for drawing of 4 hrs or more. Assuming 4 credit hrs to be a rea- 
sonable average (although it is too low for teaching modern drafting 
practices) it becomes evident that some schools are either definitely 
overloading their teachers with students or offering courses which 
are inadequate in time allowance. For example one school had 2 
full-time instructors on an 18-hour teaching schedule handling 308 
students in drawing. Another has 5 full-time men on a 28-hour 
teaching schedule handling 1125 students. In the latter case each 
instructor has to teach 225 students, an impossible load. 

At the other extreme we have a school with 4 full-time and 1 
part-time instructors to teach 170 students. It would seem obvious 
that the same quantity and quality of work can not be done in these 
three institutions. Counting a part-time instructor as carrying 
one-half the full-time load, a majority of E.C.P.D. schools have a 
student instructor ratio below 80. Three schools go above 150. 

6. Undergraduate student instructors.—It has been previously 
pointed out that adequate teaching of engineering drawing requires 
not only theoretical knowledge but frequent contact with industry 
to keep abreast of current practice. This, the undergraduate is 
not in a position to do. 

Again if the college or university is to do anything toward 
shaping the life attitudes, aspirations, and habits of its students 
this can not be accomplished by student instructors. 

The survey shows 37 out of the total of 239 institutions using 
from 1 to 9 student teachers. In this respect the E.C.P.D. schools 
having in general the larger enrollments show the worst record. 
Out of 44 schools, 17 had student assistants. In one instance the 
clock hours taught by students was greater than that taught by 
regular staff members. 

7. Common drawing courses for all curricula.—In reply to the 
question, ‘‘Do you give a common drawing course to all freshman 
engineers ?’’ 209 schools replied in the affirmative and only 13 said 
no. Seventeen schools made no reply. If we except architectural 
engineering, 36 out of 40 E.C.P.D. schools gave a common drawing 
course to all engineers. Only two had separate courses for each 
department, C.E., M.E., E.E. and Mining. With the exception of 
one or two curricula there seems to be no valid reason for offering 
different courses in engineering drawing. The fundamentals are 
the same and drawing is not differentiated by the types of object 
or project represented. Practices will vary somewhat in different 
fields of engineering just as they do from one shop to another. 
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Granted intelligence, these things can be quickly learned by any 
student. The overwhelming number of schools which offer one 
course only gives strong support to this point of view. 

8. Length of course.—This question was presented in two ways. 
The first question asked the length of the beginning course in credit 
hours. The second question the length of the course in clock hours 
spent (a) in class and (b) at home in study and preparation. The 
results presented such a heterogenous mass that little could be made 
of it except the very obvious need of a clarification of objectives 
and minimum content to achieve these objectives. With a mini- 
mum content there would seem to be a minimum time requirement 
for achieving anything approaching competence. 

A selected group of 30 E.C.P.D. accredited schools operating on 
the semester system show also a rather wide divergence in both 
credit hours and clock hours devoted to drawing. While the pur- 
pose of accrediting agencies is not to produce uniformity or con- 
formity to any standard pattern, the divergence of practice indi- 
cated in this fundamental subject would seem to be too wide to be 
reasonable. 

Before definite conclusion can be drawn, however, this study 
would require the consultation of the various college catalogues 
since there may have been a misinterpretation of the meaning of the 
term beginning course. Some schools give two or three courses in 
drawing as well as a course in descriptive geometry. Conclusions 
on this item must therefore be deferred. 

9. Teaching practices.—The following questions deal with com- 
monly accepted teaching practices: 


(a) Preparation outside of class —Out of 234 schools making a 
response, 58 indicated no requirement of text study or 
drawing outside of the regular class period. But a large 
proportion treated the subject as a content course rather 
than a mere skill. Of the remainder 166 required text 
study, 78 required text study and drawing to be done at 
home and 11 required only drawing. 

The issue here is fundamental. If drawing is a matter 
of manual skill only, it does not belong in the college cur- 
riculum. If it is a subject having a content of geometric 
principles it requires study and real study such as few high 
school graduates are prepared to give, without considerable 
guidance. 

Engineers as well as members of the other professions 
must eventually be able to learn from the printed page 
without outside aid or assistance. We sometimes call it 
learning to think. If drawing is to be a collegiate subject 
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in the engineering curriculum it must contribute its fair 
share toward that process. A course conducted without 
the study of a text designed for use at the college level fails 
to perform its function in the engineering curriculum. 
Such a course must be considered as being at the purely 
secondary level or lower. 

Quizzes —The written quiz, when properly used, serves a 
number of vital purposes in the teaching program other 
than mere measurement of student skills or achievement. 
Its use must not degenerate to the point where the instruc- 
tors interest is entirely absorbed by the techniques neces- 
sary to make the test scientifically perfect as a measuring 
device. The essential part of teaching is still to teach and 
not to measure. 


Briefly the quiz serves the following essential purposes: 


1. It stimulates study. 

2. It shows the student what he failed to learn. 

3. It may give him an opportunity to express an idea in English. 

4. It shows the instructor wherein he may have failed to teach 
adequately. 

5. Lastly and least important it serves as a basis for grading 
and classifying students according to ability. 


The questionnaire not only asked do you give written quizzes 
but also asked for an indication as to the kind of quiz. Five dif- 
ferent types were listed. Of 236 schools replying, 186 gave quizzes 
and 50 did not. Table III indicates the usage made of the various 



































TABLE III 
Scnoots Usine Various Types OF QuizzES 
Sketches Completion Tests True-False Essay Type Multiple Choice 
177 102 84 79 57 
TABLE IV 
Scuoots Usina More Tuan One Type or Quiz 
One Type Two Types Three Types Four Types Five Types 
36 68 44 32 13 

















types and Table IV the number of schools using a variety of types. 
Among the schools using only one type of quiz, 31 used the sketch 


type. 
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Among E.C.P.D. schools, 37 out of 40 gave regularly scheduled 
quizzes, although in some instances not enough of them to make the 
quiz an effective teaching tool. The distribution as to type of 
quizzes used was in the same order as for the entire list of schools 
in Table ITI. 

Table V shows the number of quizzes given per semester or 
quarter. While the number of schools giving quizzes is encourag- 
ing, the number who give only 1, 2, or 3 per semester is too large to 
consider them as making the quiz a very effective teaching device. 


TABLE V 
NuMBER OF Quizzes GIVEN 








No. of Quizzes | 2 3 4 5 6 7 | 8 | 9 |10/ 1112] 13 or above 






































No. of Schools. 4| 32 48 | 31 | 12 | 22;2;9/7/;7/)11)6 10 





If the emphasis placed on quizzes seems to strong it should be 
remembered that while many colleges are striving vigorously to 
place their work on the college level the attitude of the incoming 
freshman is still purely at the secondary level. 

It takes a long period of training until the student gets over the 
high school attitude of working for the teacher, into the more ma- 
ture desire for mastery of subject matter, and to the still more 
mature point at which he knows when he has become competent in 
the use of the subject. The quiz not only stimulates the immature 
play-boy but it is a real aid to the serious students. Because of the 
over-emphasis of skills and in some cases the apparent oversight of 
the fact that drawing has a content of scientific principles the use 
of the quiz in teaching drawing is doubly important. 

In reply to the question concerning final examinations it appears 
that 183 schools give finals in drawing and 49 do not. It would be 
interesting to note whether there was any correlation between the 
58 schools which required no study, the 50 that gave no quizzes, 
and the 49 that did not give finals. 

(c) Recitations or lectures—In response to the question, ‘‘ Do 
you have regularly scheduled lectures or recitations?’’ 158 schools 
replied yes and 69 no. A further question as to the number of 
scheduled recitations indicates about 100 schools have one or two 
per week. Quite a number of schools reply ‘‘as needed,’’ indi- 
cating a calling together of the class for the explanation of a prob- 
lem upon which they are ‘‘stuck.’’ This type of procedure does 
not indicate the planning of educational work and it does not agree 
in spirit or principle with engineering practice. 

In engineering practice we plan our structures or projects in 
detail far in advance. We not only work out sizes, shapes, ma- 
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terials, and dimensions, but we know upon what day of the month 
certain materials are needed, and they are scheduled to be deliv- 
ered at that time. Some work must always be done ‘‘as needed’”’ 
but in education as in engineering this unplanned procedure should 
be reduced to a minimum. 

Observation of the better schools indicates that assignments, 
problems, lectures or recitations and quizzes are scheduled in ad- 
vance. In spite of that, considerable explanatory work will have 
to be done ‘‘as needed.’’ It is difficult to understand how an ef- 
fective program can be carried out on any other basis. 

(d) Percentage passing drawing course.—In response to the 
question, ‘‘What percentage of students pass the course?’’ the 
results shown in Table VI were obtained. 


TABLE VI 
PERCENTAGE PASSING COURSE 








Percentage Passing................ 65 | 70 | 75 | 80 | 85 | 90 | 95 | 100 
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The number of schools passing 100 per cent were found largely 
among those with very small enrollments, which may be a normal 
situation. One school, enrolling 990, however, indicated 100 per 
cent passing, which seems just a bit unusual. 

10. Conclusions.—Of the total picture it may be said that a 
great deal of it is unsatisfactory. Drawing taught in the manner 





indicated in some schools can be little more than training in manual 
skill and largely copy work at that. 

In most instances the majority practice, however, can safely be 
used as a guide. This would necessitate carefully planned courses 
with— 


(a) Specific assignments upon definite topics for study and 
preparation prior.to the class period. 

(b) A regularly scheduled series of lectures, demonstrations, or 
recitations upon the same topics codrdinated with the as- 
signments. 

(c) A earefully selected list of problems illustrating specifi- 
cally the topic discussed and properly coérdinated with lec- 
tures and text assignments. 

(d) Frequent regularly scheduled quizzes covering these same 
topics. 

(e) In addition a great deal of discussion ‘‘as needed’’ will be 

required in the drawing room plus all the individual at- 

tention which can be given. 
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Items (a) to (d) should be planned and charted before the open- 
ing of the semester. The topics listed in Section V of this report 
are recommended for an engineering curriculum. These are in 
addition to the course in descriptive geometry. 

In regard to part-time teachers and departmental organization, 
little can be done except by schools with a large number of part- 
time teachers. A study of the advantages of departmental or- 
ganization is recommended to them. 

The use of undergraduate student assistants for purposes other 
than recording, blueprinting, and other non-teaching activities is 
deplored. This situation should be remedied by accrediting agen- 
cies when the war emergency is over. — 

The student load carried by instructors in different schools 
seems to vary over too wide a range. This likewise should be cor- 
rected by accrediting agencies. 


V. Course CoNTENT 


1. In order to get a measure of the course content offered in the 
various schools the subject of drawing was broken down into 21 
different topics. These were the topics upon which emphasis is 
placed in teaching. In asking for an estimate of the number of 
hours devoted to a topic it was the intention that the length of this 
period of emphasis would be listed. This was apparently under- 
stood by most schools since 192 out of 238 gave such an estimate. 

It was clearly recognized that a topic like ‘‘2 and 3 view ortho- 
graphic projections’’ extends almost throughout the course and 
consequently the entire time could not even be well estimated. In 
a well-organized course, however, a very definite amount of time 
would be devoted to teaching this phase of the subject and also to 
other topics throughout the list. The same situation holds in 
mathematics. Addition or logarithms is definitely the subject of 
extended discussion for a definite period after which it occurs as 
a regular part of problems. This same situation should occur in 
the teaching of drawing and it seems inconceivable that a good 
teacher or department will not have scheduled a definite amount 
of time for the various topics they propose to cover. 

It was not assumed that every topic would be covered and this 
was found to be the case in most schools. 

By getting a relative measure of the amount of time spent on 
various topics it was hoped that a common core of work which was 
regarded as essential could be worked out as well as some measure 
of the relative importance of the various topics. 

Tabulations were made for the total and for three selected 
groups. In this instance the major objective of the school was 
chosen as having a more determining influence than other con- 
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trols; hence the grouping was made on the basis of Engineering, 
Liberal Arts, and Teacher Training. For engineering, only 
E.C.P.D. schools were used since these might well be assumed to 
represent the best practice of that group. The three groups are 
mutually exclusive but they do not equal the sum total. 

The data have been summarized in Fig. 3. The sum of the 
hours listed by all the schools has been used as a basis of compari- 
son since this would not only reflect the importance of the topic 
according to individuals but would include the factor of the num- 
ber of schools devoting time to the topic. The total time divided 
by the number of schools is clearly no indication since one topic 
offered by only one school might conceivably show the same average 
as another topic offered by fifty schools. 

In each figure the total hours have been reduced by an appro- 
priate scale factor. The horizontal scale has no significance other 
than relative amount of time devoted to a topic. Because of the 
wide variation the actual averages had little significance. 

In Fig. 3 the scale factors for each of the three groups are dif- 
ferent. Since all groups gave the first topic predominance the 
seale factors were chosen to make the three groups agree at this 
point. 

The dotted line in Fig. 3 indicates the position of the whole 
group. 

2. Averages of entire group—On the whole this presents a 
rather satisfactory picture. The last six items exclusive of shop 
terms do not seem appropriate for a beginning course unless an 
unusual amount of time is allowed in the curriculum for drawing. 

On the other hand, if they represent beginning courses offered 
to freshmen who have had two or more years of good high school 
drawing these topics make excellent material for advanced work 
provided the other topics are cut down in sufficient amount to make 
the treatment of these topics adequate. 

For engineering drawing the architectural drawing should not 
be on the high school house plan basis but treat of working draw- 
ings of an engineering and industrial character. 

For courses on the college level the time devoted to lettering 
seems unduly large. Although intelligence and an artistic sense 
are required, these things can be developed in a short time and the 
acquirement of motor skill left to other times and places. In fact 
an intensive use of intelligence should considerably reduce the time 
required to develop skill. The maximum range for lettering was 
from 0 to 50 hours. The average was 16.4 hours. Lettering was 
the only topic listed by all schools. 

Topics not on the list were suggested by one or more schools. 
These included charts and diagrams, blue printing, as the most fre- 
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quently mentioned. These should have been on the list without 
question. A very few schools still devoted time to that popular 
exercise of 40 years ago (still included in a few texts) called revo- 
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Fig. 3. Relative Amount of Time Devoted to Various Topics. 





lutions. Quizzes and shop trips were mentioned. Both of these 
are methods and not topics of instruction. 

3. E.C.P.D. group.—aAs was anticipated the three groups se- 
lected place emphasis on different topics although not always on the 
ones which one would expect. Sketching rates fourth place for the 
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E.C.P.D. group, although it is in the tenth place of the entire list. 
The usefulness of sketching in the profession would seem to war- 
rant this shift. The emphasis on lettering is the highest of the 
three groups and leads one to suggest a revaluation of the relative 
importance of this topic in the engineering profession. The low 
value on intersections and developments may be explained by the 
fact that many, if not most, schools give emphasis to these topics 
in descriptive geometry which was not included in this survey. 

4. Liberal Arts group.—This group follows the general pattern 
and the engineering group more closely than was to be expected. 
The emphasis on dimensioning seems unusual and certainly com- 
pensates for the slight drop on the topic of Working Drawings. 

In this group ‘‘Use of Instruments’’ comes fifth rather than 
ninth as in the general average. This attention to skill in the 
liberal arts group is unexpected to say the least and is difficult to 
explain or account for. 

5. Teacher Training group.—This group departs most from the 
general pattern. The low rating of dimensioning is compensated 
by greater emphasis on working drawings. There seems to be no 
good reason why this group should fall below the others on funda- 
mentals such as sectioning and auxiliary views except that heavy 
emphasis in other places naturally requires a reduction elsewhere. 

They show the lowest record on geometrical construction and 
use of instruments where, by reason of the objective of this group, 
namely, high school teaching, these two topics should be high. 

Two things which high schools can do is to teach geometrical 
construction and use of instruments. Yet if one may judge from 
the students who come to our engineering schools these two items 
are apparently not mentioned in high school. Few students having 
had two or more years of high school drawing can accurately and 
correctly locate the center of a circle tangent to two intersecting 
straight lines. 

The unusual emphasis upon architectural drawing with an ac- 
companying attention to electrical drafting is a normal departure 
from the general pattern since for high school teachers this phase 
of the subject has a definite place in the program of their future 
students for home planning and as prospective home owners. 

The emphasis on perspective in both the liberal arts and teacher 
training groups is a little more difficult to understand. It may be 
due to the fact that in making house plans a perspective is some- 
times desirable. Students, however, can not have a working 
knowledge of perspective on the college level without descriptive 
geometry. 

6. General comment.—It should be noted that heretofore we 
have been discussing the general average of the groups and the 
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total. While this picture may be satisfactory on the whole this 
does not imply that the situation in individual schools is satisfae- 
tory. As a matter of fact in very many schools the situation is not 
satisfactory either in course content or in the items dealt with in the 
other sections of this report. For example, if one may accept the 
record, no topic, other than lettering, was offered by all schools, not 
even so vital a matter as 2 and 3 view orthographic projection. 

One school which gave no attention to 2 or 3 view drawing, 
auxiliary views, or geometrical construction gave 20 hours to per- 
spective and none to isometric or oblique. It offered all the non- 
essentials at the end of the list. Such a course seems in obvious 
need of thorough overhauling. Another school offered only five 
items of the entire list. The five were coherent but not adequate. 

Isometric and oblique stood in relatively the same position for 
all groups but oblique received only a little more than half as 
much attention as isometric. This is unexpected when one recalls 
that oblique is much simpler to construct and for many objects 
less distorted than isometric. With the increasing practical use 
of pictorial representation it could well receive more attention. 

7. Conclusions.—The only constructive suggestions which can 
be made as a result of the data presented in this section are: 


(a) To recommend that each school involved study its own 


offerings in the light of the general pattern here presented 
for the entire list and for the group in which it belongs. 
Only some very special consideration would seem to justify 
radical departure from the group pattern. 

All groups and particularly the engineering group might 
well consider the relative importance of lettering from the 
viewpoint of teaching at the collegiate level. 

From the viewpoint of engineering drawing the first 14 
items on the list seem essential for adequate training. It 
may also be noted that this seems to be evidenced in a defi- 
nite drop in the number of schools offering topics below 
that point except for the teacher training group. 
If these topics are essential many schools need to increase 
the amount of time devoted to drawing in their curricula. 
This is necessary not only for adequate training but even 
more so to place and maintain the work in drawing on a 
collegiate educational or professional engineering level. 
EXECUTIVE COMMITTEE, DRAWING DIVISION 
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NATIONAL STUDY OF ENGINEERING DRAWING 
CONDUCTED BY THE DRAWING DIVISION OF THE 
SOCIETY FOR THE PROMOTION OF ENGINEERING EDUCATION 


GENERAL INFORMATION 
. Name of School 
. Location: City... 
. Type of School: Municipal 

Endowed. 





Teacher Training 
. Length of Semester in weeks, exclusive of final examinations... 
. Length of curricula in which engineering or mechanical vininn & is » seauioels 
zs .one year... ...two years 
Meer of full time ieusion teachers 


Number of part time drawing teachers 
week in drawing 
. List other subjects taught by part time teachers 
. Number of student assistants teaching drawing. 





PREPARATION OF TEACHERS 


Make similar report upon a separate sheet of 8} x 11 paper for each teacher, 
if more than one. Do not include student assistants. 





Assistant 
. Institutions attended 
. Collegiate courses taken in drawing or allied subjects. Check those you have 
taken. 
. General beginning drawing i. Nomography 
. Advanced drawing j. Design courses requiring 
. Machine drawing drawing 
. Topographical drawing k. Practical engineering or draft- 
. Descriptive geometry ing experience in years 
. Advanced descriptive 1. Teaching experience years 
geometry m. Other courses pertinent to 
. Projective geometry (math.) _...... drawing 
. Architectural drawing 
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CoursE ADMINISTRATION 








15. Do you give a common drawing course to all freshmen Engineers? Yes........ 
NO. 2 

16. Do you give different drawing courses in different curricula. If so, check 
which. CE......ME_.....E.E._.....Mining.....Arch. Eng....... Chem. Eng....... 
Cer. Eng....... 

17. Is drawing taught by a separate department? Yes.......No......... If not, by 
what department? 

18. Length of course, semester credit hours. .........-.....------------.------ecee-eseeseseeseeeeeoeeees 

19. Total clock hours for semester in class and drawing room............ at home.......... 

Se Pre nee fe Ni i ois 

21. Are definite text assignments made? Yes... | ee 

22. Is any drawing work required to be done at home? Yes..............No._.......... 

23. Type of homework: Text Study__.......---..-......... i, ORR Ree 

24. Are regular written quizzes given? Yes_................ ieees . ” CaM ans sere Oe 

25. Type of quiz: Essay type........True-False.___.... Multiple choice.__..... Drawing or 
sketching...........- Completion............ 

26. If quizzes are given, about how many per semester?.__......_.--.---.---------------------- 

ry UIE URE CN OS MN eee 

28. Do you give a final examination? Yes.............................. | | Seer ener eee 

29. Do you have regular lectures or recitations? Yes............. Mee | even Sameees 7 
If so, how many per semester? ..........-.--..-----------e-e--eeee- Just elie ce Do 

30. Number of students per section. Give Max........... Mini 3:2. Average........... 

31. Number of sections counted as a full teaching load in drawing... 

32. Total number of students enrolled in drawing this year... 

33. Percentage of students passed (average)...................------------------------c--ee-eseeecenneeeeee 


CoursE CONTENT 


34. How many clock hours, including homework, are devoted to each of the fol- 
lowing items in your beginning course? Count a 45 or 50 minute period 


* as a clock hour. 


bE oe eee See 5. oleh 
b. Geometrical Construction _............... .. RIN 2 i 
c. Useofinstruments  —_................ oO. Perspective 9s kseseen asl 
d. Orthographic projection _............. p. Architectural 

(2 & 3 views) es ee im; Bebieieal iO rose 
e. Auxiliary'views: = Fr. Cinuteral: se ho 
[eee a ete ee s. Mapdrawing => ................ 
=e: NN em t. Fige layouts 22. 
h. Working drawings @. Ine tending oo all a 
§; SS VSS er es v. Pencil drawing on 
j. Developmental} tracing paper... aes 
i wees ROD NIG (as w. Meotoking A 
eS es os ©, Ae IO a es 
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rose NATIONAL STUDY OF ENGINEERING DRAWING 
CONDUCTED BY THE DRAWING DIVISION OF THE 
wk SOCIETY FOR THE PROMOTION OF ENGINEERING EDUCATION 





TREATMENT OF HiaH ScHoot DrawinG CREDITS AS PRACTICED BY 


Z 
@ 
5 
® 
2 
¥ 
i~a 
S 





nee 3. Type of School: Municipal......State_.....Parochial......(conducted by a church) 
sess Endowed......(not operated for profit) Private School......(for 
i Profit) 

4. Do you allow entrance credit for Mechanical Drawing? Yes............ Pb 
5. What is the maximum entrance credit allowed for Mechanical Drawing? 

one unit two units three units......_.... four units 
6. Do you allow college credit toward graduation for high school drawing? 
Yes No. 
7. If the answer to question 6 is yes, how many students were given credit this 








or 


8. Do you excuse students from college drawing if they have had high school 
drawing? Yes No. 

9. Do you excuse students from college drawing if they had had commercial 
drafting experience? Yes_.......... ness 

10. If the answer to question 8 or 9 is yes, upon what basis do you excuse from 

college drawing? High school work........ 1 unit___.._.. 2 units_...... 3 units... 
4 units.._... Commercial work........ 1 year........ 2 years........ 3 years. 

11. If answer to question 8 or 9 is yes, how many students were excused this year? 

ieee What percentage is this of the total enrollment? 

12. If the answer to question 8 or 9 is no, do you allow students to take vibiaineitad 

examinations for credit in college drawing?......................-.----.---.----- 

13. How many took proficiency examinations this year?....... 
i1- 14. What proportion of those attempting proficiency examinations pass?................ 
od 15. Do you segregate students into different sections upon the basis of their 

previous high school record in drawing? Yes No...... 
Method of segregation. Check those that apply. 
cibbeaieatded ican interview at registration 
pbeesienrie Bs ... aptitude test 
Salt et ape a trial for a period of time and transfer to another section 
ERS eee Ce TE ee arbitrary division on basis of high school credit division 














wie . 2. 2 Whine 3 or more 
If possible, include sample sheets used in interviews, tests, etc., used in 
making segregation. 


16. Describe any other procedure not mentioned above which you use in handling 
students who present high school credit in drawing 











17. If you give proficiency examinations please submit a sample is possible. 
. Use space below for comment or explanation of any point you wish to make. 
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INSTRUCTIONS FOR FILLING OUT QUESTIONNAIRE 


In order to produce more uniform results the following suggestions are given for 
answering the questions. The numbers refer to the number of the question. 
The numbers omitted are assumed to require no explanation. 


6. 


(f 


11. 


14. 


15. 


18. 


19. 


32. 


34. 


Form A 


This refers to the curriculum as, Civil Engineering, Pre-Engineering, Industrial 
Administration, and the like and not to the length of drawing course. 

The teaching load should be in clock hours per week in question 7, 8, and 10. 
For part time teachers and student assistants this is to be the clock hours 
in teaching drawing. 


. This refers to part time drawing teachers. 
10. 


If student assistants are being used this year because of war conditions and 
this is not the usual practice of your institution, please so indicate. 

Give degree or degrees in full, as for example, B.S. in C.E., or A.B. in Indus- 
trial Education. In giving record of additional teachers, place as many 
as convenient on one 8$x11 sheet. List only the courses taken. This 
will save reproducing the entire list for each teacher. 

Count summer work in drafting as one fourth year. Count one school year 
as a year’s teaching experience. 

The questions under course administration and course content refer to all 
courses in drawing regularly taken by students in the freshman year 
exclusive of descriptive geometry or advanced courses for special groups. 
If more than one course is given to all freshmen, list course numbers and 
give answers following the course number. 

If all freshmen take two or more drawing courses, give Catalogue No. of each 
and the hours following the Catalogue No. Thus C.E.D. 1—4 hrs. 

It is assumed that one credit hour requires three clock hours per week in class 
and preparation. If your college standards differ, please indicate. 

Number of students means number of individuals. If more than one course 
is required of all students count each student only once—1 student in 
3 courses = 1 student. 

If two or more drawing courses are given to all students include items covered 
in all courses. Time should be estimated. The purpose of the time 
element is to indicate emphasis on various items rather than exact quanti- 
tative relations. 


Form B 


. Note—this is entrance credit—not college credit. 
. Some colleges limit the amount of credit which may be presented in industrial 


arts or vocational subjects. 














EDUCATIONAL REQUIREMENTS FOR THE 
ANALYSIS OF MODERN AIRCRAFT 
STRUCTURES 


By R. 0. WICKERSHAM 
Assistant Professor of Mechanical Engineering, University of Maryland 
AND 
7 J. E. YOUNGER 


Professor and Chairman of Mechanical Engineering, University of Maryland 


INTRODUCTION 


Before the emergence of aeronautical engineering as a separate 
subject, the stress analysis work as given in the schools and colleges 
was concentrated mostly upon the civil and mechanical engineers ; 

‘ with the civil engineers perhaps having the best of it, or worst of 
it, depending upon how one looks at it. At any rate, it was a 
generally admitted fact that the civil engineers were most com- 
petent in stress analysis work due largely to their advanced courses 
in structures and design. However the stress expert of today is not 
the civil engineer, but the aeronautical structures man; and if 
things continue in their present trend, the aeronautical stress man 
of the future will far outstrip any of his competitors in the field. 

With the rapid changes that have occurred to the airplane 
structure in the last decade, it has become increasingly apparent 
that the aeronautical man in structures not only needs better tools 
for his job, but he also needs more tools. While ten years ago, the 
average airplane was constructed in much the same manner as a 
bridge, and could be ‘‘stressed’’ with methods applicable to a 
bridge; today’s airplane structure presents a new and more com- 
plicated problem. It is the educational requirements necessary to 
stress examine a modern metal airplane, that I plan to discuss today. 

First, let us examine the problems that confront the structures 
man in the layout of an airplane. The economic justification of 
an airplane lies in its ability to carry a payload, carry it swiftly, 
and carry it safely. The ability to carry a large payload demands 
that the structural weight of the airplane itself be kept to a mini- 
mum and that there be maximum payload space within the air- 
plane. To carry a payload safely demands—neglecting aerody- 
namic qualities—that the airplane structure be as strong as possible. 
And to carry a payload swiftly demands minimum cross sectional 
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area exposed to the airstream. Thus the aeronautical structures 
man is faced at the outset of his problem by the fundamental 
structural criterion—a structure of maximum strength and mini- 
mum weight in a minimum of space. 

An application of this criteria to the airplane compels the struc- 
tures man to face the following specific problems: 

1. In order to utilize to the most advantage every pound of 
material that goes into an aircraft structure, the aircraft men must 
at all times work with a minimum margin of safety. This implies 
that the aircraft structures man must have a thorough knowledge 
of his materials, particularly between the ranges yield point to 
ultimate strength. He must be able to judiciously select the cor- 
rect formule in design problems and should farther know where 
to draw the line between theory and practice in the use of such 
formule. And he must be able to prepare accurate calculations 
commensurate with his low working margin of safety. 

2. A natural evolution of the criteria stated before was the de- 
velopment of the monocoque type of structure which provides maxi- 
mum strength, maximum cargo space and minimum weight. Thus 
the aircraft structures man should be able to competently predict 
the strength of this type of structure—with or without stringers 
and stiffeners. He should be capable of the design of fittings used 
in the transmission of concentrated loads to the primary structure. 
He should be able to determine the effect of holes and cutouts upon 
the strength characteristics of monocoque structures. And he 
should be capable of predicting buckling type failures of monocoque 
structures. 

3. Since the majority of aircraft structural components are 
simultaneously subjected to combined stresses, the structures man 
should be well versed in the prediction of the strength characteris- 
tics of a member subjected to combined loads. He should be 
familiar with acceptable formule applicable to problems of this 
type. And he should be able to calculate stresses where secondary 
bending is of importance. 

4. The modern metal airplane is constructed of a variety of 
materials including several different types of steels, aluminum al- 
loys, magnesium alloys, and plastic plywoods. Hence the aircraft 
structures man must be thoroughly familiar with all varieties of 
these materials and should know their capabilities when rolled, 
cast, forged, and heat treated. He should also be familiar with 
the common uses of these materials in aircraft construction and 
should know the effect of riveting and welding upon the strengths 
of these materials. 

5. Not only must aircraft components be designed to withstand 
static and dynamic loads, but they must also be designed to have 
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certain vibrational characteristics. Hence the aircraft stress man 
should be able to design air plane components not subject to either 
natural or induced vibrations. 

6. In addition to these specific problems of design, the aircraft 
man will be faced in the future with newer and more complicated 
problems. With the advent of sub-stratosphere flight, new bur- 
dens have already been placed upon the aircraft stress man. In 
all probability, air planes of the future will be constructed in a 
more economical manner, which will involve new methods of manu- 
facture and new materials. It also appears probable that as the 
size of airplanes is increased to perhaps 200 or 300 tons, it may be 
necessary to dispense with static testing of aircraft components 
entirely—thus throwing the entire responsibility for the struc- 
tural safety of the design upon the stress man. 

While this list of special problems is by no means complete, 
it was presented to indicate the specialized type of work required 
of the aeronautical stress man. 


EDUCATIONAL CURRICULUM 


Before discussing the application of the educational curriculum 
necessary for aircraft structural analysis, it is appropriate at this 
point to list the steps necessary in such an analysis. It is assumed 
that the aerodynamic properties and the weight of the airplane are 
established. 

1. Determination of applied loads and their distributions on the 
members. 

2. Determination of type of structures to be used with rough 
calculations for member sizes and weights. 

3. Structural design of all components of the airplane and de- 
termination of margins of safety. 

4. Determination of vibrational characteristics of the wing, tail, 
and all control surfaces. 

5. Structural tests of all airplane components whose strength 
cannot be accurately calculated. 

While all of the preceding steps cannot be classed as strictly 
stress analysis work, a good stress man should be familiar with the 
entire procedure so that he may see where he fits into the complete 
picture of airplane design. 

In the matter of necessary curriculum it is assumed in this paper 
that all students going into stress analysis work shall have as a mini- 
mum starter, all pre-engineering courses given in the regular col- 
lege curriculum for engineers. These courses, which usually are 
given during the first two years of college work, consist of mathe- 
matics, physics, drawing, descriptive geometry, ete. These courses 
are the basic tools of stress analysis work and perhaps more atten- 
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tion should be shown to these courses than is now the case. As 
minimum objectives to be achieved by the engineering student 
during his first two years of college work, we submit the following: 

1. A thorough understanding of college algebra, trigonometry, 
analytic geometry, differential and integral calculus, differential 
equations, physics, and descriptive geometry. 

2. The development by the student of a neat and orderly method 
for the presentation of his calculations. 

3. The development by the student of precise and accurate cal- 
culations. 

4. A basie understanding of the mechanical processes involved 
in the construction of metal airplanes. 

After a thorough knowledge of the pre-engineering courses has 
been obtained by the student, he is then ready to study the ad- 
vanced courses directly applicable to aircraft structural design. 
As has been stated before, the first step in aircraft structural de- 
sign consists of the determination of applied loads and their dis- 
tributions on the members. It is felt by the authors that the fol- 
lowing courses should be given the student in order that he may 
obtain proficiency in this first step of structural design: 

1. Fluid mechanics. 

2. Technical aerodynamics. 

3. Determination of applied loads on aircraft and aircraft re- 
quirements as published by the CAA, Army, and Navy. 

The fluid mechanics course given should consist of a study of 
fluid flow with particular emphasis on the flow of air and compres- 
sible fluids. This course should be mainly theoretical in character 
and should provide the student with ample background so that he 
could step immediately into technical aerodynamics. 

The technical aerodynamics course should cover flow problems 
as applied to the airplane; and should include a study of airfoils, 
airplane performance, propellers, power plants, etc. The course 
should be mainly practical in character and should bridge the gap 
between theoretical and applied aerodynamics. During this course 
the student should become familiar with such data as is published 
by the N.A.C.A., and he should be able to use this material for the 
solutions of his problems. 

For the student interested in stress analysis work, a third course 
should be given to relate the aerodynamics to the airplane structure. 
This course would include the aircraft requirements set forth by 
the CAA, Army, and Navy and the determination of applied loads 
on aircraft members. During the course, particular attention 
should be shown to the background of the requirements as pub- 
lished, so that the student may readily see why they were origi- 
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nated. Since the published aircraft requirements are subject to 
constant revision and since the aircraft manufacturers have a hand 
in the forming of these revisions, such a course would be particu- 
larly advantageous to the student going into the aircraft industry. 

The second and third steps in aircraft structure design were 
listed as: the determination of type of structure to be used with 
rough calculations for member sizes and weights, and the structural 
design of all components of the airplane. The following courses 
are considered as necessary for the successful execution of these 
steps in airplane design : 

1. statics and dynamics 

2. strength of materials 

3. advanced strength of materials or aircraft structures 

4. materials of engineering 

5. aircraft design 

The statics and dynamics course and the strength of materials 
course should be those courses regularly given to all mechanical 
engineers. The content of these courses is entirely satisfactory to 
the stress man with possible exception that the type of problems 
used should be more closely related to aircraft structural compon- 
ents and materials. Also during these courses, the student should 
become acquainted with the graphical methods of solving statics 
problems, so that he may readily visualize his solutions to prob- 
lems. It can truly be said that the first requirement of an aircraft 
structures man is that he be a master of statics, hence these courses 
are perhaps the most important of the group. 

The advanced strength of materials courses or airplane structure 
course should include combined stresses, secondary bending, and 
the theory of thin plates and shells. This should be a two se- 
mesters’ length course in which the theory could be taught during 
the first semester and the practical application of the theory could 
be handled during the second semester. This course would also 
include a study of acceptable design formule as published in Army, 
Navy, and Civil handbooks applicable to aircraft stress analysis 
work. Other subjects to be covered should include the following: 
The design of all types of wing spars, beams and struts, thin sheet 
and stiffener combinations, corrugated metal and thin sheet com- 
binations, fitting design, the design of riveted structures, landing 
gear and motor mount design, the design of pin jointed structures, 
indeterminate structures, the effects of holes and cutouts on mono- 
coque and semi-monocoque construction. While this list is by no 
means complete, a general idea of the content of the course has 
been given. All problems used during the course should be di- 
rectly concerned with aircraft structures. 
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The materials of engineering course should include a study of 
all materials used in aircraft construction with particular empha- 
sis on the lighter alloys. This course should be accompanied by a 
laboratory course in which actual tests are performed on the various 
aircraft materials. 

The aircraft design course should involve airplane layout and 
design with emphasis placed on weight estimate, structure selec- 
tion, costs of construction, and the design and layout of an airplane 
to meet a given specification. As a design problem in this course, 
it is suggested that the student completely design some component 
of an airplane such as a wing or landing gear. 

The fourth listed step in aircraft structure design was the de- 
termination of vibrational characteristics of the wing, tail and all 
control surfaces. While it is realized that a thorough study of 
vibration is of a graduate nature, the groundwork for such ad- 
vanced work could be laid during the regular four year course. 
For the fundamentals of vibration, it is suggested that a course in 
differential equations be given sometime during the last two years 
of the undergraduate course. Also, during the previously men- 
tioned course in aircraft requirements, the student should become 
acquainted with the method of testing for vibrational characteris- 
ties as required by the Army, Navy, and civil agencies. 

The fifth listed step in aircraft structure design was the proof 
testing of all components whose strength cannot be accurately eal- 
culated. In order to prepare the student for this step, he should 
be taught the accepted methods of testing as approved by the air- 
craft licensing agencies. Also, during the laboratory course ac- 
companying the materials of engineering course, the student could 
be given experiments in which he would test such items as thin 
sheet and stiffener combinations, ribs, fittings, ete. These tests 
would be comparatively simple to set up and would be at a mini- 
mum of cost. 

All aircraft designed and built in this country are subject to 
approval by the Army, Navy, or Civil agencies. These agencies 
require that stress analysis reports be submitted to them covering 
all components of the airplane. Since these agencies will not ap- 
prove engineering reports unless they are neat, comprehensive, 
and fully referenced, it is suggested by the authors that consider- 
able attention be paid to training the students in the preparation 
of stress analysis reports. This training should be begun during 
the first two years of his engineering work as many habits are 
developed by the student during this stage. It is suggested that 
all papers in all engineering courses be graded not only on a basis 
of correct theory, but also on neatness and precision of calculations. 
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During his last two years of study, the student should have the 
opportunity to study typical reports as required by the licensing 
agencies, and should be made to prepare reports that would be ac- 
ceptable to these licensing agencies. 

It is believed by the authors that the courses outlined in this 
paper will give the student a sufficiently strong background in 
aircraft stress analysis so that he may step directly into this line 
of work. At the same time it is realized that the students’ chief 
educational deficiency is a lack of engineering judgment so neces- 
sary to meet the constantly occurring problems of aircraft stress 
analysis. Also it should be borne in mind that the college graduate 
must of necessity study considerable advanced material in his spare 
time in order to become a specialist in some particular phase of 
aircraft design. As a final criteria to judge the new graduate’s 
ability, he should be able to read and intelligently comprehend such 
stress analysis articles as appear in the Journal of the Aeronautical 
Sciences and various N. A. C. A. reports. 


QUESTIONNAIRE SENT TO THE AIRCRAFT INDUSTRY 


In connection with this paper a questionnaire was sent to twenty- 
three of the larger aircraft companies in which they were given an 
opportunity to express their ideas on the educational curriculum 
necessary for stress analysis work. The results of this question- 
naire have been recorded in the appendix appearing at the end of 
this paper. In each case these men contacted at each company was 
the engineer directly in charge of the structure department. A 
list of men contacted appears in appendix ITI. 

The questionnaire included a list of engineering courses given 
during the average 4 year curriculum in aeronautical engineering. 
The form of the questionnaire was such that the men contacted 
answered the following questions concerning the courses: 

Part A—Check those courses that you feel are essential for aero- 
nautical students going into stress analysis work. 

Part B—lInclude any courses which you feel have been omitted 
from the list of courses. 

Part C—Check those courses in which you feel the average aero- 
nautical graduate is deficient. 

A sample questionnaire has been included as parts [Va and IVb 
of the appendix. 

A tabulation of the answers to parts A and C mentioned before 
is given in sections Ia and Ib of the appendix. Referring to these 
portions of the appendix, it is readily apparent that in general the 
curriculum listed is approved by the industry as being essential 
to stress analysis work. Also of interest are the following facts: 
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73 per cent of the companies contacted felt a course in differential 
equations essential, 91 per cent favored a course in aircraft re- 
quirements, and 95 per cent favored a course in the determination 
of applied loads on aircraft. Courses in chemistry, plane survey- 
ing, electrical engineering, aircraft engines, and thermodynamics 
were not considered as essential to stress analysis work ; and strictly 
speaking they are not. However, they should absolutely be re- 
tained for the purpose of giving a well rounded engineering edu- 
cation. Also, it should be noted that approximately 15 per cent 
more companies favored hydraulics over fluid mechanics. 

An examination of column three of appendix Ia and Ib reveals 
that the majority of aircraft companies feel aeronautical gradu- 
ates are deficient in the advanced strength of-materials and engi- 
neering report courses. Other large deficiencies in this list oc- 
curred in aircraft requirement course and the shop practice course. 

Part Ila of the appendix lists. courses recommended by the in- 
dustry as essential to stress analysis work. With the exception 
of vibration and flutter problems applied to the airplane, these 
courses have been recommended earlier in this paper as necessary 
for stress analysis work. 

Several of the men contacted in the industry were kind enough 
to elaborate on the questionnaire by including letters of comment 
on the subject. In general, the tone of those letters of comment 
was that the industry is not looking for specialists in structures, 
but desires men who could accept a limited amount of responsibil- 
ity and could do neat and accurate work. 

Some of the comments expressed by the men in the industry were 
quite interesting to the authors, and have been included as a part 
of this paper. 

F. R. Shanley of Lockheed says that the three fields where there 
is greatest lack of information on structures are: 

(a) Strength and behavior of structures where stressed beyond 
the proportional limit (inelastic range). 

(6) Buckling and reinforcement of thin walled structures. 
(The three main divisions of this problem are: prediction of initial 
buckling, prediction of permanent buckling, and estimation of 
stiffener size and location). 

(c) Determination of stress conditions around cutouts (includ- 
ing optimum method of reinforcement). 

R. L. Schleicher of North American listed the following com- 
ments : 

(a) Give a course to develop arithmetical accuracy. This may 
be accomplished by setting aside one hour a week in the Freshman 
and Sophomore years in working out ordinary problems within a 
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given time limit. Grading in this course should be based on accu- 
racy alone. 

(b) Give a course to show applications of ordinary calculus to 
engineering problems. Graduates are usually reluctant to employ 
higher mathematics due to lack of confidence in themselves to solve 
problems. 

Stanley H. Evans, consulting engineer for Ryan Aeronautical 
Co. made the following comment. 

‘*T often feel that many young engineers, especially the mathe- 
matical brand, ought to spend a couple of years as plain ordinary 
bookkeepers, just to get the importance of putting their figures in 
proper shape and sequence—and getting the decimal point right!’’ 

Charles R. Strang of Douglas Aircraft Co. said, 

‘*Students are not as familiar with the action of their metal 
structures as they could be. They are still being trained in a truss 
and beam tradition which needs to be heavily supplemented with 
shear flow thinking.’’ 
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APPENDIX 
RESULTS OF QUESTIONNAIRE SENT TO THE AIRCRAFT INDUSTRY 
Percentage of Percentage of 
Companies bnew ae mr 
No. College Course Reporting Stuhents oo 
Essontial _ Deficient 
in Subjects 
TER OS. oi ae S05. Oe eae 100.0 4.5 
2 | Analytic Geometry................. 100.0 4.5 
i: NR oh oles = Ses obigd nga oid ose 100.0 0 
4 | Differential Calculus................ 100.0 9.0 
Be A RE III og ooo Sci an ot 97:0 3.0 100.0 9.0 
6 | Differential Equations for Engineers... 73.0 14.0 
7 | Engineering Drawing (Including sheet 
motel GrawiOe) «.. 56 bok. oon ie’ 100.0 27.0 
8 | Descriptive Geometry............... 100.0 23.0 
9 | General Chemistry.................. 23.0 0 
10 | Shop Practice (Foundry, Machine Shop, 
Forge, Welding, Heat Treating)... .. 82.0 45.0 
BD. FG I oo ose rece was oes 100.0 9.0 
1D | FRO TOF IIG 5 ooo ino co vibes oc cece 14.0 0 
13 | Applied Mechanics (Statics and Dy- 
Moe cos ss Shoe eens eee 100.0 27.0 
14 | Strength of Materials (Design of Struc- 
tures for Strength)................ 100.0 14.0 
15 | Advanced Strength of Materials (Sec- 
ondary Bending, Theory of Elas- 
ticity, Thin Plates and Shells)...... 100.0 59.0 
16 | Materials of Engineering (Properties 
Oe NR. os hea cond acewovesed 100.0 23.0 
17 | Electrical Engineering............... 27.0 0 
18 | Machine Design (Including kinematics) 73.0 9.0 
19 | Stress Analysis by Graphical Methods. 95.0 18.0 
OF II, ok diss wicts orcead went Aakien 55.0 0 
SE: | NS a ona Sees as waes 41.0 0 
22 | Technical Aerodynamics and Hydro- 
ELE ORES A PP 86.0 4.5 
23 |Aircraft Requirements (CAA, Army, 
WE TN Rs vie kon hoch kn en eee 91.0 41.0 
24 | Determination of Applied Loads on 
Ss no Ss ae Some pea aee 95.0 27.0 
25 | Aircraft Engines (Theory and Design) . 9.0 0 
26 | Thermodynamics................... 23.0 0 
27 | Engineering Report Writing.......... 95.0 55.0 
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SECTIONS AND BRANCHES 


The annual meeting of the Michigan Section of the Society 
was held at Michigan State College on Saturday, May 8. Ninety- 
four attended the meeting. 

At the afternoon meeting, presided over by R. A. White, Grand 
Rapids Junior College, Chairman of the Michigan Section, Presi- 
dent John A. Hannah of: Michigan State College welcomed the 
members of the Society and spoke on what Michigan State College 
is doing in the war effort. 

Clement J. Freund, University of Detroit, presented a paper 
entitled ‘‘Back to the Professional Degree.’’ His paper aroused 
considerable discussion and at the dinner meeting the Michigan 
Section voted for a resolution as follows: 

Resolved that the Michigan Section of the 8.P.E.E. recommend 
that the national council shall encourage the awarding of the pro- 
fessional degree as a recognition of achievement in engineering and 
that the conditions under which it is or might be awarded shall 
be given serious study and consideration. 

L. E. Grinter, Vice-President, Illinois Institute of Technology, 
and member of the War Manpower Board, discussed Professional 
and Technical Training from the Viewpoint of the War Man- 
power Board. Dr. Grinter indicated some of the problems being 
confronted in determining the number of engineering and tech- 
nically trained personnel for the Army, Navy, and industry. 

In the evening a dinner meeting was held in the Michigan State 
Union Building. C. C. Winn of the Detroit Institute of Tech- 
nology and Vice-Chairman of the Michigan Section presided. 
Henry T. Heald, President of Illinois Institute of Technology and 
President of the S.P.E.E., spoke on the work being done in engi- 
neering institutions in training for the Army.and Navy. He 
traced the development of some of the training plans and concluded 
his remarks with an invitation to attend the national meeting in 
Chicago. Following Dr. Heald, Dean Henry B. Dirks of M.S.C. 
spoke on what the M.S.C. Engineering Division is doing for the 
war effort. 

At the business session resolutions were passed thanking the 
Michigan State branch for their hospitality. Another resolution 
which was passed has already been referred to. 

Officers for the coming year will be C. C. Winn, Detroit Insti- 
tute of Technology, Chairman; C. A. Brown, General Motors Insti- 


863 











SPR TEAR LIMES 6m BEBE ENE , — ‘ 
ESSE A ae re eerste SS 3G Wa ENS NG SA 18a — ‘ 


pone nnn 


Teitcceeeacbaaatee tue vara ee 
oa so9m 








866 SECTIONS AND BRANCHES 


training programs definitely illustrates this point in that the navy, 
with its smaller numbers, has had much less trouble in developing 
its specialized training program. Dean Daggett was very much 
impressed with the eagerness and attentiveness of the average army 
trainees. Their attitude toward their work is excellent and their 
cooperation all that could be desired. 

One of the major difficulties experienced in the army training 
program is the army requirement that, in general, instructors 
should carry an average load of 20 hours per week with classes of 
30 men as a minimum. With this teaching load and with this size 
of class, it is extremely doubtful that the present caliber of college 
instruction will be maintained. The size of the required classes is 
particularly defective when it comes to laboratory instruction, 
While in general large classes are not a serious drawback to lecture 
work and problem work, 30 students offer a definite difficulty when 
it comes to laboratory instruction. Dean Daggett felt that a cor. 
rection in this respect is highly desirable in future army training 
programs. 

Another difficulty experienced in the army training program is 
the lack of time the students have for proper preparation of their 
work out of class. The army training programs keep the students 
busy from 6:30 a.m. until taps at 10:30 p.m. Their classroom work 
must be finished by 3:30 p.m. in order to provide time for the ath- 
letic training and military drills necessary in the program. With 
this restriction on hours, it becomes rather difficult to properly 
schedule the laboratory periods which in most colleges usually run 
from three to four hours. The students’ time is completely filled 
between reveille and taps leaving very little time for preparing 
work at home or doing home problems or making up laboratory 
reports. In order to meet this difficulty it is rather important 
that the minimum amount of outside work be assigned to the stu- 
dents and provision should be made to do as much as possible of 
this work in the class hours. 

In conclusion Dean Daggett recognized the fact that we must 
experience difficulties in organizing any new programs. He urged 
upon all schools the necessity of their utmost cooperatien with the 
army in developing these programs in order that a satisfactory 
schedule should be developed and satisfactory means of operation 
worked out. He seemed to think that after the end of the first 
training program of the army specialized program several changes 
will be made in the operating procedure that will be a distinct bene- 
fit to both the colleges and the student bodies. 

The morning session adjourned at 12:30 p.m. for luncheon. 
After luncheon a special meeting was called for the deans and ad- 
ministrators of the colleges in the Middle Atlantic Section for the 














ft tI tfwTefeo:e ltl he), ee 


os aw 








7 


Pras 


Spe easc=<s o> 


L 4 
oe 











SECTIONS AND BRANCHES 867 





purpose of discussing some of the problems brought out in Dean 
Daggett’s paper. These problems had to do, in general, with the 
size of the teaching load per instructor and the size of the class. 
Most of those present concluded that particularly for laboratory 
and problem periods, a class of 30 men is too large for one in- 
structor to properly handle. In addition the teaching hours of 
90 hours per week for the instructors, when one considers the paper 
work and the preparation required out of class, is much too large 
for them to conveniently handle. While the various parties pres- 
ent recognized these difficulties, they felt that no good could be 
had by making suggestions at the present time to the army, but 
rather to await the outcome of the pilot programs would be the 
most sensible policy. However, a resolution covering the above 
suggestions was voted in order, these resolutions to be sent to the 
national officers of the S.P.E.E. to acquaint them with the problem 
and for their information and guidance in their future contacts 
with the army training program. 

The afternoon session was called to order at 2:15 by Chairman 
Sutherland. The first speaker of the afternoon was Professor J. K. 
Finch, Associate Dean of the School of Engineering at Columbia 
University. Dean Finch’s paper was entitled, ‘‘The Post-War 
Problems of Engineering Education.’’ Dean Finch in his paper 
first summed up some of the present-day developments as affecting 
our engineering curriculum and adapting it to its war time services. 
Nearly all the schools in the country are at present engaged in an 
accelerated program, and many indications point to the fact that 
this accelerated program may be here to stay even after the war 
period. Moreover, Dean Finch feels that women may find a perma- 
nent place in engineering education, not necessarily as professional 
engineers, but rather in other capacities. 

In the course of our general engineering training at present he 
finds that we are tending more and more toward specialized train- 
ing and in particular we are losing very definitely the rather large 
programs of graduate instruction under development prior to the 
war. He felt that our basic engineering programs up to the war 
period were quite good, in general, in their content and emphasis. 
Any change in our basic program that might be contemplated after 
the war would be more or less in the relation to engineering, eco- 
nomics and governmental activities. His paper stressed the im- 
portance of invention and technological developments in our 
present-day life. Even during the last depression period our tech- 
nical developments had quite a bit to do with easing off the depres- 
sion and in fact made possible the existence of many industries 
during that period. His paper definitely pointed out with regret 
the present tendency toward decreasing graduate training and 














868 SECTIONS AND BRANCHES 


particular research work in the colleges and universities. The 
present need of the government for highly specialized engineering 
training has caused a decrease in the graduate activities of the 
colleges. Dean Finch deplored this and stressed the importanee, 
to industries and our national economies, of the graduate schools 
and the ideas developed through graduate training. He advised 
all colleges to try to preserve their graduate faculties and to pro- 
mote graduate research. He definitely emphasized the fact that in 
research good ideas are of much more value than expensive labora- 
tories, so that the financial considerations relating to graduate labo. 
ratories should not defer colleges from a graduate program. Dur. 
ing the present war period and in particular, during the post-war 
period, industries will definitely need our aid in the development 
of ideas and in research. We therefore must not permit the pres- 
ent emphasis on specialized training to completely destroy the 
growth of our graduate facilities. In the post-war period industry 
is definitely going to need the help of the colleges through the 
graduate schools in the development of ideas and new equipment 
for the future welfare of the country. 

Dean Finch’s paper created quite a bit of discussion both as to 
the future developments in the graduate school and how they may 
affect the undergraduate curriculum. Many of the members were 
quite concerned as to the effects of the war and the post-war period 
on the requirements of undergraduate curriculum. They were 
concerned as to how the rapid developments of today in production 
and industry in general would affect the emphasis that must be 
placed on the various basic engineering courses of the undergradu- 
ate school. Quite a bit of the discussion hinged around the old 
question of a common engineering course for all engineering stu- 
dents as compared with the present specialized courses in the 
various branches of engineering. It was rather definitely felt that 
to give up the various branches of engineering as now taught would 
not be to the advantage of future engineering trainees. 

The next speaker of the afternoon was Mr. D. Robert Yarnall, 
Chief Engineer of the Yarnall-Waring Company. Mr. Yarnall 
presented a paper on the topic, ‘‘ Engineers’ Responsibility in Civie 
Affairs.’’ Mr. Yarnall in his paper emphasized the increasing im- 
portance of the engineer and his relation to civic affairs. He defi 
nitely stressed the point that a man is born a citizen and that he 
may become an engineer. Therefore, the first duty of all of us is 
that of a citizen. He considered the engineering training as an ex- 
cellent background for the proper interest in civic affairs. Mr. 
Yarnall in particular emphasized the importance of religion and 
spiritual values in our engineering trainning. He suggested that 
this may be the driving force needed to carry us on in the post-war 
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period in the great problems before us. He stressed the point that 
the four elements in life are work, play, love and worship and that 
each one must be given more or less equal weight in a well-balanced 
society. He greatly questioned the value of our engineering train- 
ing to society if we do not apply it for the benefit of our fellow men. 

The afternoon session of the convention closed at 4:30 p.m., and 
the members spent the intervening time in an inspection of the 
campus. The day was very pleasant, and the beautiful campus 
of Haverford was in full bloom. Many of the group enjoyed a walk 
through the flower gardens and various other places of interest at 
Haverford College. 

The dinner meeting convened at 6:30 p.m. At the end of a very 
enjoyable dinner the Chairman of the Section introduced the 
speaker of the evening. We were again favored by the President 
of Haverford College, Felix Morley, who addressed us on the topic, 
“Education for the Life of Tomorrow.’’ In preparing our stu- 
dents for the life of tomorrow, President Morley suggested that 
teachers in general should speculate more on the possible changes 
in future living rather than deal quite so much conditions of the 
past. He definitely regretted the so-called cultural lag that exists 
in most colleges. He thought that the students would gain consid- 
erably if the faculty would give more and more thought to ideas 
of the future world rather than to simply being concerned, in gen- 
eral, with the history of the past. President Morley saw the engi- 
neering curriculum as being bogged down with infinite details and 
diversifications. He suggested that our curriculum might be im- 
proved by a better integration of our activities and a simplification 
of our courses. As an example he questioned the fact of the need 
of four freedoms as recently expressed by President Roosevelt. He 
said, ‘‘Why four? Why not seven or eight, or why not reduce it 
to one basic concept, that is, freedom itself ?’’ 

He said that the function of education is definitely to simplify 
and not complicate our technical life. In conclusion he summed up 
our problem with three statements as to our objectives in engi- 
neering education. The first of these objectives is to arouse curi- 
osity. The second, to stimulate critical faculties, and finally, to 
develop character. Any educational program that does not meet 
these three tests is, in his opinion, defective. President Morley 
ended his discussion by expressing his satisfaction in having the 
Section meet at Haverford and trusted that we all had a very pleas- 
ant day. 

The meeting was formally adjourned at 8:15 p.m. by Chairman 
Sutherland who in closing thanked Haverford College and particu- 
larly Professor Rittenhouse, Chairman of the Committee on Ar- 
rangements, for the excellent hospitality extended to the members 
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of the Section. He expressed the consensus of opinion of those 
present that the meeting was highly profitable both from an eduea- 


tional and from a social standpoint. 
FRANK D. Carvin, 


Secretary, Middle Atlantic Section 8.P.E.E. 


May 8, 1943 
NEWARK COLLEGE OF ENGINEERING 


At a meeting of the Missouri Section of the S.P.E.E., held at 
Washington University on April 23 and 24, 1943, the following 
officers were elected to serve for the year 1943-44: 


Chairman, W. H. Wood, Jr., Univ. of Missouri. 
Vice Chairman, S. H. VanWambeck, Washington Univ. 
Secretary, W. T. Schrenk, Missouri School of Mines. 


Col. Raymond W. Briggs, of the Seventh Service Command 
Office, Omaha, Neb., addressed the dinner meeting on Friday, 
April 23. He spoke on the Army Specialists Program of the Army, 

On Saturday, April 24, Deans Langsdorf, Curtis, and Wilson, 
discussed the programs in operation at their respective schools— 
Washington University, University of Missouri, and the Missouri 


School of Mines. Fifty-nine were present at the meeting. 
T. R. Batt, 


Secretary 


The annual meeting of the Ohio Section of the Society was 
held on Saturday, May 1, at Ohio State University in Columbus 
with the following officers in charge: chairman, J. R. Shank, Ohio 
State University; vice chairman, Matthias E. Haas, University of 
Dayton and second vice chairman, E. O. Scott, University of Toledo. 

Tuned to the times, the program was designed to dispense in- 
formation about the rising needs of the universities to the Army 
and Navy programs. At the morning session presided over by 
Professor Shank, President Howard L. Bevis, The Ohio State Uni- 
versity, extended a word of welcome to the eighty members of the 
Section in attendance. Col. W. G. Johnston, Fifth Service Com- 
mand, spoke about the Army Specialized Training Program and 
G. Brooks Earnest, Case School of Applied Science, talked about 
the Navy program. 

Following luncheon in Pomerene Hall, the afternoon session 
presided over by Dean Haas, centered around a panel discussion 
with Harvey H. Davis, Vice-President of Ohio State University, 
acting as moderator. Those taking part in the discussion and 
answering questions put to them by the members of the Section 
were Colonel Johnston; N. N. Luxon, ASTP Coordinator, Ohio 
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State University: Professor Earnest; Colonel Otto L. Brunzell, 
Ohio State University; Major D. H. Gardner, Fifth Service Com- 
mand; and Capt. K. R. Runner, Fifth Service Command. Fol- 
lowing an hour’s discussion, Francis P. Robinson, Department of 
Psychology, The Ohio State University, spoke on the Psycho- 
Educational Aspects of ASTP. Following a showing of an Army 
film about Army Teaching Methods, the meeting adjourned. The 
1944 meeting will be held at the University of Dayton. 

The following officers for the Section were elected to serve in 
1944: chairman, Matthias E. Haas, University of Dayton; first vice 
chairman, Samuel B. Folk, Ohio State University; second vice 
chairman, W. E. Nudd, Case School of Applied Science; secretary, 
W. R. Dumble, The Ohio State University. 











































NEW MEMBERS 


ALLEN, Forrest E., Instructor in Mechanical Engineering, Iowa State College, 
Ames, Iowa. H. J. Stoever, D. L, Arm, 

ANDERSON, CLIFFORD O., Assistant Professor of Mechanical Engineering, Iowa 
State College, Ames, Iowa. H. J. Stoever, D. L. Arm. 

BARNETT, BRINKLEY, Associate Professor of Electrical Engineering, University 
of Kentucky, Lexington, Ky. E. A. Bureau, D. V. Terrell. 

BEUSCHLEIN, WARREN L., Professor of Chemical Engineering, University of 
Washington, Seattle, Wash. E. R. Wilcox, F. M. Warner. 

BIGELOW, Roya. G., Associate Professor of Industrial Engineering, Northwest- 
ern University, Evanston, Ill. B. H. Jennings, O. W. Eshbach. 

BisHoPp, CHARLES A., Assistant Professor of Chemical Engineering, University 
of Pittsburgh, Pittsburgh, Pa. James Coull, P. E. Rush. 

BoEHMER, HERBERT, Instructor in General Engineering, University of Wash- 
ington, Seattle, Wash. E. R. Wilcox, E. D. Engel. 

BoonE, Enocu M., Assistant Professor of Electrical Engineering, The Ohio 
State University, Columbus, O. E. D. Ayres, 8S. O. Evans. 

Boyan, Epwin A., Staff Member, Wallace Clark and Co., Room 2E350, Penta- 
gon Bldg., Washington, D. C. J. S. Thompson, F. L. Bishop. 

BRAIDECH, MATHEW M., Professor of Industrial and Sanitary Chemistry, Case 
School of Applied Science, Cleveland, O. F. H. Vose, G. B. Carson. 

Brown, Ropert V., Assistant Professor of Mechanical Engineering, Case 
School of Applied Science, Cleveland, O. G. L. Tuve, G. B. Carson. 

ButTLeR, Howarp W., Instructor in Mechanical Engineering, University of Con- 
necticut, Storrs, Conn. C. H. Coogan, G. S. Timoshenko, 

ButtrRaM, Henry J., Instructor in Electrical Engineering, Alabama Polytechnic 
Institute, Auburn, Ala. R. C. Snook, J. W. Hannum. 

CHuRBUCK, LEwIS M., President, The Aeronautical Universities, Inc., 641 8. 
Elm St., Hinsdall, Ill. H. T. Heald, L. E. Grinter. 

Cooper, LEMUEL B., Instructor in Mechanical Engineering, Universiy of Wash- 
ington, Seattle, Wash. H. J. McIntyre, B. T. McMinn. 

Crain, Harry M., Director of Publications, Summer Session, Colorado School 
of Mines, Golden, Colo. M. F. Coolbaugh, J. R. Morgan. 

CRATER, Davip H., Instructor in Civil Engineering, Princeton University, 
Princeton, N. J. Philip Kissam, A. E. Sorenson. 

DANIELS, JOHN M., Chairman of Admissions, Carnegie Institute of Technology, 
Pittsburgh, Pa. W. R. Work, Nell McKenry. 

DASHER, BENJAMIN J., Instructor in Electrical Engineering, Georgia School of 
Technology, Atlanta, Ga. R. L. Sweigert, M. A. Howell. 

Dovuetass, CLARENCE E., Instructor in General Engineering, University of 
Washington, Seattle, Wash. F. M. Warner, E. R. Wilcox. 

Fites, Cart W., Instructor in Mechanical Engineering, A. & M. College of 
Texas, College Station, Texas. R. M. Wingren, A. A. Jakkula. 

Finp.ey, WILLIAM N., Associate in T. and A. Mechanics, University of Illinois, 
Urbana, Ill. F. B. Seely, J. O. Draffin. 

FREDERICK, MICHAEL, Assistant Professor of Engineering, Newark College of 
Engineering, Newark, N. J. V. T. Stewart, H. N. Cummings. 

GREENWOOD, ERNEST J. A., Project Engineer, Chance Vough Aircraft Div., 
United Aircraft Corp., Stratford, Conn. J. 8. Thompson, F. L. Bishop. 
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GULLIKSON, ALBERT C., Instructor in General Engineering, University of Wash- 
ington, Seattle, Wash. E. R. Wilcox, E. D. Engel. 

Harris, Henry E., Instructor in Engineering Drawing, San Angelo Junior 
College, San Angelo, Texas. J. D. McFarland, C. E. Rowe. 

HemKE, Pavut E., Head, Dept. of Aeronautical Engineering, Rensselaer Poly- 
technic Institute, Troy, N. Y. Scott Mackay, M. A. Hunter. 

Hu, WM. WEtcH, Professor of Electrical Engineering, Alabama Polytechnic 
Saatiiate, Auburn, Ala. Re-admission. 

Hoy, Howarp H., Professor of Engineering Shops, South Dakota State Col- 
lege, Brookings, S. D. Re-admission. 

HypE, Emma, Associate Professor of Mathematics, Kansas State College, 
Manhattan, Kansas. Linn Helander, A. J. Mack. 

Jounson, Royce E., Chief Electrical Engineer, Barber-Colman Company, Rock- 
ford, Ill. R. R. Benedict, L. C. Larson. 

KiEIn, GEorGE W., Instructor in Mechanical Engineering, Ohio Northern Uni- 
versity, Ada, Ohio. D. 8S. Pearson, J. A. Needy. 

LINDENMEYER, Ray S., Assistant Professor of Industrial Engineering, North- 
western University, Evanston, Ill. B, H. Jennings, C. E. Watson. 

LITTLEFIELD, GARNETT, Instructor in Engineering, Weber College, Ogden, Utah. 
F. L. Bishop, Nell MeKenry. 
MacKAvANAGH, THoMAsS J., Professor of Electrical Engineering, Catholic Uni- 
versity of America, Washington, D. C. A. J. Seullen, F. A. Biberstein. 
McKean, JAMEs P., Assistant Professor of General Engineering, Iowa State 
College, Ames, Iowa. F. C. Dana, J. K. Walkup. 

McLELLAN, Harry J., Assistant Professor of Mechanical Engineering, Uni- 
versity of Notre Dame, Notre Dame, Ind. Re-admission. 

MILLER, JOHN G., Principal, Frank Wiggins Trade School, 8800 Vista Del Mar, 
Playa Del Rey, Calif. H. T. Heald, F. L. Bishop. 

MitcHELL, WILLIAM H., Vice President, T. Y. Crowell Co., 432 Fourth Ave., 
New York City. F. L. Bishop, Nell MeKenry. 

NEVILLE, Harvey A., Professor and Head, Dept. Chemistry and Chemical Engi- 
neering, Lehigh University., Bethlehem, Pa. Hale Sutherland, A. C. Callen. 

NortHRruP, MILEs G., Professor of Electrical Engineering, University of Louis- 
ville, Louisville, Ky. F. L. Wilkinson, W. B. Wendt. 
OBERMAN, LeRoy L., Instructor in Shipfitting, Montebello Unified School Sys- 
tem, Consolidated Steel Corp., Ltd., Los Angeles, Calif. E. E. Booher. 
Onpra, OTAKAR, Instructor in Civil Engineering, Manhattan College, New York 
City. C. J. Velz, J. J. Costa. 

OxpuNG, Puiuip F., Instructor in Electrical Engineering, Yale University, New 
Haven, Conn. A. G. Conrad, J. G. Clarke. 

Orr, JosePpH A., Acting Professor of Civil Engineering, A. & M. College of 
Texas, College Station, Texas. A. A. Jakkula, F. J. Benson. 

ParENT, JOSEPH D., Associate Professor of Chemical Engineering, Kansas 
State College, Manhattan, Kansas. Linn Helander, A. J. Mack. 

Peck, George V., Assistant Professor of Civil Engineering, University of 
Pittsburgh, Erie Center, Erie, Pa. Philip E. Rush, Nell McKenry. 

Rackway, JouN S., Assistant Professor of Drawing, Lawrence Institute of 
Technology, Highland Park, Mich. John Byerlay, J. P. Brewington. 

Rea, Georce P., President, Drexel Institute of Technology, Philadelphia, Pa. 
H. T. Heald, F. L. Bishop. 

Rosinson, WALTER, Instructor in Mechanical Engineering, The Ohio State 
University, Columbus, Ohio. E. J. Lindahl, S. R. Beitler. 

Rogers, Pau, Assistant Professor of Structural Engineering, Chicago Tech- 

nical College, Chicago, Ill. C. W. Morey, F. L. Bishop. 
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RoMANowi1Tz, Harry A., Assistant Professor of Electrical Engineering, Uni- 
versity of Kentucky, Lexington, Ky. E. A. Bureau, D. V. Terrell. 
RossSELOT, GERALD A., Director, Engineering Experiment Station, Georgia 

School of Technology, Atlanta, Ga. R. L. Sweigert, R. L. Allen. 

Sawyer, CHARLES N., Colonel, Signal Corps, Commandant Six Corps School, 
Sixth Service Command, Evanston, Ill. J. E. Hobson, M. L. Manning. 

SAyLor, WILLIAM R., Instructor in Electrical Engineering, Massachusetts Insti- 
tute of Technology, Cambridge, Mass. C. E. Lansil, R. H. Franzier. 

Scumipt, Mitton O., Instructor in Civil Engineering, Carnegie Institute of 
Technology, Pittsburgh, Pa. F. M. McCullough, H. A. Thomas. 

ScuuTt, WILLIAM H., President, Detroit Time Study School, Inc., 1556 Infantry 
Ave., Detroit, Mich. E. E. Booher, J. S. Thompson. 

SHAVER, Ropert E., Associate Professor of Civil Engineering, University of 
Kentucky, Lexington, Ky. J. W. May, D. V. Terrell. 

SILVERMAN, JOSEPH R., Chief Production Structural Engineer, Chance Vought 
Aircraft Div. of United Aircraft Corp., 97 Englewood Ave., Bridgeport, 
Conn. J. 8. Thompson, F. L. Bishop. 

SLOANE, RicHarD L., Assistant Professor of Civil Engineering, University of 
Utah, Salt Lake City, Utah. A. Diefendorf, D. K. Jones. 

Speas, Ropert D., Assistant to the Vice President of Engineering, American 
Airlines, Ine., Jackson Heights, N. Y. E. E. Booher, J. S. Thompson. 
Starr, Miiuarp O., Instructor in General Engineering Drawing, University of 

Illinois, Urbana, Ill. H. H. Jordan, R. P. Hoelscher. 

STIEMKE, RosBertT E., Associate Professor of Sanitary Engineering, North Caro- 
lina State College, Raleigh, N. C. James Pontaine, C. R. Bramer. 

THARRATT, GEORGE, Chief Engineer, Adel Precision Products Corp., 10777 Van 
Owen St., Burbank, Calif. J. S. Thompson, F. L. Bishop. 

THOMPSON, LEE P., Assistant Professor of Mechanical Engineering, A. & M, 
College of Texas, College Station, Texas. C. W. Crawford, A. A. Jakkula, 

THROOP, JOSEPH F., Instructor in Mechanics, Rensselaer Polytechnic Institute, 
Troy, N. Y. E. R. Wiseman, L. W. Clark. 

TuLLy, THomAS J., Assistant Professor in Charge of Purchases, Chemical Engi- 
neering Dept., Newark College of Engineering, Newark, N. J. C. J. 
Kiernan, H. N. Cummings. 

TUMBLESON, IRA A., Librarian, Newark College of Engineering, Newark, N. J. 
J. M. Robbins, C. O. Roth. 

Van VLACK, CLAUDE H., Associate Professor of Agricultural Engineering, 
Iowa State College, Ames, Iowa. D. L. Arm, H. J. Stoever. 

WALLACE, JOHN R., Instructor in General Engineering, University of Washing- 
ton, Seattle, Wash. E. R. Wilcox, F. M. Warner. 

WarrEN, S. Rep, Assistant Professor of Electrical Engineering, University of 
Pennsylvania, Philadelphia, Pa. Harold Pender, C. D. Faweett. 

WEBB, ALEXANDER R., Professor of Civil Engineering, Ohio Northern Uni- 
versity, Ada, Ohio. S. S. Pearson, J. A. Needy. 

WILLIAMS, RoBert S., Deputy Dean of Engineering and Head, Dept. of Metal- 
lurgy, Massachusetts Institute of Technology, Cambridge, Mass. J. RB. 
Killian, J. W. Bunker. 

Wricut, RALPH R., Instructor in Electrical Engineering, New York University, 
New York City. P. C. Cromwell, N. S. Hibshman. 

Wy ty, LAWRENCE T., Associate Professor, Northwestern University, Evanston, 
Ill. B. H. Jennings, C. E. Watson. 

Young, Donovan H., Associate Professor of Civil Engineering, Stanford Uni- 
versity, Stanford University, Calif. S. Timoshenko, E. L. Grant. 


443 new members this year, 
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Introduction to 


REINFORCED CONCRETE DESIGN 


By HALE SUTHERLAND, Professor of Civil Engineering, Lehigh University, 
and RAYMOND C. REESE, Consulting Structural Engineer 










The first edition of this book, by Sutherland and Clifford, was considered by many 
wachers as “‘ about the best on the market.”” This second edition should prove even 
ge satisfactory. One of the outstanding features of the book is its emphasis 
pa basic design methods as actually employed in the engineering office: The theory 
set forth, with full explanations, but there are also ample practical applications. 











Complete designs have been made for several types of structures, and complete 
isigns of portions of structures are also given using several alternative methods. 
he thorough treatment of the method of transformed areas for non-homogeneous 
wetions should appeal to both teachers and students. A number of points are 
liscussed in the theory of Tee-beam design that are not usually covered in textbooks. 
his chapter, by Mr. Reese, presents some common problems relating to Tee-beam 
design showing how these problems are met in current engineering practice. The 
chapters on concrete making have been rewritten by Professor Inge Lyse, formerly 
if Lehigh University, and now of the Norwegian Institute of Technology. The 
present-day methods of dealing with continuous beams and rigid frames are con- 
idered in detail. 


Second Edition. 559 pages. 6 by 9. $4.75 


JOHN WILEY & SONS, Inc., 440 Fourth Avenue, New York 
















Soldier of Service’ 


“The Voice with the Smile” has 
always been a part of the tele- 
phone business and we want to 
keep it that way. 

Even under the stress of war, 
the men and women of the Bell 
System are as anxious as ever to 
see that you get friendly, cour- 
teous service. And they are 
anxious, too, to give the fastest 
possible service — especially to 
those who need speed to help win 
the war. 

You can help them by not using 
Long Distance to war-busy cen- 
ters unless it is absolutely neces- 
sary. For all your patience and 
understanding so far, many 
thanks. 


BELL TELEPHONE SYSTEM 


WAR CALLS | 
COME First \, 
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ENGINEERING COLLEGE RESEARCH ASSOCIATION 


On October 26, 1942, representatives of seventy-three engineer- 
ing colleges from all parts of the nation met at Thorne Hall, North- 
western University, and under the chairmanship of Dean C. E. 
MacQuigg of Ohio State University organized the Engineering 
College Research Association. The immediate and urgent objective 
was to codperate with the war production agencies of the Govern- 
ment in the prosecution and promotion of research needed for the 
management of the war. More specifically the purposes of the 
Association as expressed in the adopted constitution are: 


a. To codperate with the War Agencies of the Government in the 
prosecution and promotion of research needed for the war effort, and 
to assist in organizing the research facilities of engineering colleges to 
this end. 

b. To assist in organizing the research facilities of the engineering 
colleges in the undertaking of research designed to promote post-war 
reconstruction and economic adjustment through new and improved 
processes affecting industry, public works, the conservation and de- 
velopment of natural resources, the public health, and similar activities. 
c. To serve as a continuing agency for developing and codrdinating 
industrial and scientific research and for furthering advanced study 
in the colleges of engineering of the United States. 

d. To collaborate with other associations and with government agen- 
cies concerned with research in the interest of the maximum utiliza- 
tion and development of the engineering and scientific research fa- 
cilities of the nation, to achieve codrdination and prevent duplication 
of effort. 


Coodrdinately with the defined objectives of its constitution, the 
Association seeks to encourage engineering colleges to set up re- 
search divisions with the highest criteria of effectiveness, of material 
assistance and of distinctive creativeness. Membership restrictions 
of the Engineering College Research Association were defined as 
follows : 

a. Active Membership shall be confined to institutions of higher edu- 

cation granting degrees in engineering which normally require four 

or more academic years of study and which have one or more engineer- 
ing curricula accredited by Engineers’ Council for Professional De- 
velopment, provided that its research organization or activity shall 
have existed for at least three (3) years and shall have expended for 
engineering research during the three fiseal years next preceding the 
date of its admission to the Association not less than ten thousand 
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12 ENGINEERING COLLEGE RESEARCH ASSOCIATION 


dollars ($10,000). The term “research” as used herein means original 
investigations including the discovery of new processes, devices, or ma- 
terials and does not include routine testing. Membership may prefer- 
ably be taken out by the institution in the name of its Engineering 
Experiment Station, Engineering Research Institute or Divisions, or 
Engineering College or Department. 

b. A member institution must maintain a high record of performance 
in engineering research to remain in good standing as an Active 
Member. 

c. Associate Membership shall be confined to libraries, associations, 
companies, or individuals having an interest in engineering research 
such as to warrant in the opinion of the Council of the Association, 
affiliation with the Association. Associate Members shall have no vote, 
but may otherwise participate in all of the activities of the Association, 


Under the constitution, the Association is authorized to accept 
gifts provided that such gifts are for the furtherance of the pur- 
poses of the Association. It was pointed out that through the co- 
operation of such a large number of leading engineering schools 
expensive and wasteful duplication of effort will be avoided and a 
maximum utilization of facilities and personnel and a high degree 
of coérdination will result. 

The officers elected at the organization meeting were Dean W. 
R. Woolrich of The University of Texas, President; Dean Earle B. 
Norris of Virginia Polytechnic Institute, First Vice-President; 
President C. C. Williams of Lehigh University, Second Vice-Presi- 
dent ; Dean R. L. Spencer of the University of Delaware, Treasurer. 
Directors who will serve on the Council one year are Dean Ivan C. 
Crawford of the University of Michigan and Dean Thorndike Sa- 
ville of New York University. Those who will serve two years are 
Dean Samuel B. Morris of Stanford University and Dean F. M. 
Dawson of The University of Iowa. Directors elected for three 
years are Dean N. A. Christensen of Colorado State College and 
Dean G. M. Butler of the University of Arizona. The method of 
election and terms of officers are given in the constitution as fol- 
lows: 


“The President and Treasurer shall each serve for a term of two 
years. Each Vice-President shall serve for a term of two years ex- 
cept that at the first election a Vice-President shall be chosen for a 
term of one year and a Vice-President shall be chosen for a term of 
two years. Thereafter, one Vice-President shall be elected annually. 

“Directors shall serve for terms of three years, except that at the or- 
ganization meeting two directors shall be elected for one-year terms, 
two for two-year terms, and two for three-year terms. Thereafter, 
two Directors shall be elected annually, to serve for full terms of three 
years.” 

















ENGINEERING COLLEGE RESEARCH ASSOCIATION lt 


The initial meeting of the Council was held in Washington on 
November 27, 1942. Supplementary sessions were held on the same 
day with President Harvey N. Davis, Director of the Office of Pro- 
duction Research and Development, and with Senator Kilgore’s 
Subcommittee on Manpower relative to the proposed Office of Tech- 
nological Mobilization. 

The Council is preparing a preliminary report on the engineer- 
ing research now in progress for the Office of Production Research 
and Development and to serve as a basis for better codrdination of 
kindred interests. 

Frequent reports are to be forthcoming from the Council and a 
stepped-up program of engineering research encouraged throughout 
the nation. Further meetings are scheduled by the Council at 
Washington in January and at the Annual Meeting of the Society 


x 


for the Promotion of Engineering Education in Chicago. 











ORGANIZATION OF THE SOCIETY 


The Society for the Promotion of Engineering Education was 
the outgrowth of the meetings of Division E of the World’s Engi- 
neering Congress held in Chicago from July 21 to August 15, 1893, 
in connection with the World’s Columbian Exposition. 

The aim of the Society is the promotion of the highest ideals in 
the conduct of engineering education with respect to administra- 
tion, curriculum, and teaching work, and the maintenance of a high 
professional standard among its members. 

The means to this end include educational research, the holding 
of meetings for the reading and the discussion of professional pa- 
pers, and the publication of papers, discussions, and communica- 
tions as may seem expedient. 


Each Society member should scrutinize carefully the membership list for 
his institution, as published in this year book, and interest his colleagues, who 
are not members, in Society membership. 
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OF THE SOCIETY FOR 1942-43 


COUNCIL 
OFFICERS 1942-43 


President 
H. T. HEALD, Illinois Institute of Technology, Chicago, Ill. 


First Vice President 
C. E. MacQuiae, The Ohio State University, Columbus, Ohio. 


Second Vice President 
B. M. Woops, University of California, Berkeley, Calif. 


Secretary 
F. L. Bisnop, University of Pittsburgh, Pittsburgh, Pa. 


Treasurer 
J. 8. THompson, Mec-Graw-Hill Book Co., New York City. 


Assistant Secretary 
NELL McKEnry, University of Pittsburgh, Pittsburgh, Pa. 
COUNCIL 
I. Elective Members 


Terms Expire in 1943 


W. Orro Birk, Univ. of Colo., Boulder, Colo. 

A. R. CuLLimorE, Newark College of Eng., Newark, N. J. 
H. A. Curtis, Univ. of Mo., Columbia, Mo. 

H. E. DEeGLer, Univ. of Texas, Austin, Texas. 

Car. S. Ext, Northeastern Univ., Boston, Mass. 

D. P. Savant, Ga. School of Tech., Atlanta, Ga. 


Gro. T. SzaBury, 33 W. 39th St., New York City. 


Terms Expire in 1944 


a 


. H. Betknap, Munitions Bldg., Washington, D. C. 

. C. CatLen, Lehigh University, Bethlehem, Pa. 

. M. Dawson, University of Iowa, Iowa City, Iowa. 

. W. DovueHerty, University of Tennessee, Knoxville, Tenn. 
SEIBERT FarrMAN, Purdue University, Lafayette, Ind. 

C. J. Freunp, University of Detroit, Detroit, Mich. 

R. P. HorusHer, University of Illinois, Urbana, II. 


+ 
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OFFICERS, COUNCIL MEMBERS, AND COMMITTEES 














DIVISIONS OF THE SOCIETY 


Terms Expire in 1945 


H. L. Dope, University of Oklahoma, Norman, Okla. 
J. C. Exar, Princeton University, Princeton, N. J. 

L. J. FLetcHer, Caterpillar Tractor Co., Peoria, Ill. 

C. E. LAWALL, West Virginia University, Morgantown, W. Va. 

R. L. Spencer, University of Delaware, Newark, Del. 

C. E. Tucker, Massachusetts Institute of Technology, Cambridge, Mass. 
JosEPH WEIL, University of Florida, Gainesville, Fla. 


It. Past Presidents—Members Ex-Officio 


C. Frank ALLEN, 88 Montview St., West Roxbury, Mass. 

D. C. Jackson, 5 Mercer Circle, Cambridge, Mass. 

F. E. TuRNEAvRE, 166 No. Prospect Ave., Madison, Wis. 
Anson Marston, Iowa State College, Ames, Iowa. 

Henry 8S. Jacosy, 3000 Tilden St., N.W., Washington, D. C. 
ARTHUR M. GREENE, JR., Princeton University, Princeton, N. J. 
Mortimer E. Cootey, Ann Arbor, Mich. 

Cuas. F. Scort, Yale University, New Haven, Conn. 

A. Porter, Purdue University, Lafayette, Ind. 

B. Pecram, Columbia Unversity, New York City. 

M. LELAND, University of Minnesota, Minneapolis, Minn. 

L. Sackett, Hotel Sheraton, New York:City. 

S. KrmBa.u, Cornell University, Ithaca, N. Y. 

S. BoarpMAN, 172 Main St., Orono, Me. 

. 8. Evans, University of Colorado, Boulder, Colo. 

A. Seaton, Kansas State College, Manhattan, Kans. 

. E, WICKENDEN, Case School of Applied Science, Cleveland, Ohio. 
.¢. WiLuiAMs, Lehigh Universty, Bethlehem, Pa. 

. S. ANDERSON, Mandeville, La. 

. P. HamMonD, Pennsylvania State College, State College, Pa. 
. B. Ear.e, Clemson Agricultural College, Clemson College, 8. C. 
. T. Compton, Mass. Inst. Tech., Cambridge, Mass. 

. J. FERGUSON, University of Nebraska, Lincoln, Neb. 

. B. PRENTICE, Rose Polytechnic Institute, Terre Haute, Ind. 
. H. Waitt, University of Michigan, Ann Arbor, Mich. 


tne ees enneoer 


DIVISIONS OF THE SOCIETY 
Administrative 


R. E. Donerty, Chairman, Carnegie Institute of Technology, Pittsburgh, Pa. 
N. W. Doveuerty, C. J. Freunp, E. L. Morevanp, D. B. Prentice, H. 8. 
Rogers, H. T. Heap, F. L. BisHop. 


Chemical Engineering 
A. Morgen, Acting Chairman, University of Florida 
C. Exein, Chairman, Princeton University (in service) 
-o WHITEWELL, Past Chairman, Princeton University 
0. M 
M 


a 


ILLER, Vice Chairman, Case School of Applied Science 
. ScHOENBORN, Secretary-Treasurer, University of Delaware 


i) 
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Civil Engineering 
L. 8. Le TELLIER, Chairman, The Citadel 
J. 8. Dopps, Past Chairman, Iowa State College 
H. E. Davis, Secretary, University of California 
D. 8. TROWBRIDGE (1945), Editor, New York University 
C. A. MockMorE (1944), Director, Oregon State College 
H. E. Putver (1943), Director, University of Wisconsin 


Codperative Engineering Education 


LANGENHEIM, Chairman, University of Tulsa 
. NIGHTINGALE, Secretary, Northeastern University 


ty 


Electrical Engineering 
M. 8. CoovER, Chairman, Iowa State College 
MogLanD Kina, Vice Chairman, Lafayette College 
A. D. Moorz, Secretary, University of Michigan 


Engineering Drawing 
. E. Farnuam, Chairman, Tufts College 
. F. Tozer, Secretary, Northeastern University 
W. FrencuH, University of Minnesota 
H. Heacock, Princeton University 
M. PHELPs, Rensselaer Polytechnic Institute 
. D. THomas, Ohio University 
C. WiLLEy, Oregon State College 
R. Worsencrort, Editor, Journal of Engineering Drawing 
. N. ARNOLD, Advertising Manager 
. A. Smurz, Circulating Manager 
. E. Srreet, Editor, T-Square Page 


SNMP ZO wes 


English 


J. L. VauGHANn, Chairman, University of Virginia 
Homer NucGent, Secretary, Rensselaer Poly. Inst. 


Industrial Engineering 
C. W. Breese, Chairman, Purdue University 
D. B. PorTER, Vice Chairman, New York University 
C. A. Korpxe, Secretary-Treasurer, University of Minnesota 
G. W. BARNWELL, Editor, Stevens Institute of Technology 
H. G. Tousen, Past Chairman, Oklahoma A. & M. College 


Mathematics 


L. R. Forp, Chairman, Illinois Institute of Technology 
J. W. Cet, Secretary, North Carolina State College 
L. L. SMatL, Lehigh University 











18 DIVISIONS OF THE SOCIETY 


Mechanical Engineering 


Executive Committee: 
H. O. Crort, Chairman, University of Iowa 
H. JENNINGS, Secretary, Northwestern University 
CARMICHAEL, Editor, 2317 So. Overbrook Rd., Cleveland Heights, Ohio 
. W. Wiuson, University of Wisconsin 
. C. Epauau, University of Florida 
. E. Kye, Massachusetts Institute of Technology 
F. GARLAND, University of California 


Ava 


any 


Heat Power Committee: 
D. W. NELSON, Chairman, University of Wisconsin 
L. M. K. Borursr, Secretary, University of California 
F. L. Swartz, University of Michigan 


Mechanical Laboratory Committee: 
N. C. EpauGu, Chairman, University of Florida 
N. P. Battey, Secretary, Rutgers University 
F. C. Stewart, Pennsylvania State College 


Manufacturing Processes Committee: 
P, E. Kyte, Chairman, Massachusetts Institute of Technology 
G. B. Carson, Secretary, Case School of Applied Science 
. CrosBy, Cornell University 


Machine Design Committee: 
C. F. GARLAND, Chairman, University of California 
D. G. Ryan, Secretary, University of Illinois 


Mechanics 


A. 8. Apams, Acting Chairman, Room 3067, Bureau of Navy Personnel, Wash- 
ington, D. C. 

E. R. Dawtey, Chairman, Kansas State College 

P. G. Laurson (1943), Yale University 

J. G. McGivern (1943), Gonzaga University 

G. P. Boomsuiter (1944), West Virginia University 

J. O. Drarrin (1945), University of Illinois 

F. L. Everett (1945), University of Michigan 

SEIBERT FAIRMAN (1946), Purdue University 

M. O. Wirney (1946), University of Wisconsin 


Mineral Technology 
J. R. Van Peur, Chairman, 5740 Kimbark Ave., Chicago, Ill. 


Technical Institutes 


A. C. Harper, Chairman, Wyomissing Polytechnic Institute 
B. K. THorogoop, Franklin Technical Institute 

F. E. Dosss, Wentworth Institute 

Joun T. Fata, Ohio Mechanics Institute 











io 


ih- 











SECTIONS AND BRANCHES 


SECTIONS 
Allegheny: 
F. H. Stiening, Chairman, University of Pittsburgh. 
G. A. Irland, Vice-Chairman, Bucknell University. 
R. C. Gorham, Secretary, University of Pittsburgh. 
L. D. Hayes, Member, Nom. Com., West Virginia Univ. 
1943 Meeting, November, University of Pittsburgh. 


Tllinois-Indiana: 


P. E. Mohn, Chairman, Univ. of Illinois. 

E. F. Obert, Secretary-Treas., Northwestern Univ. 
M. B. Reed, Ill. Inst. Tech. 

R. E. Rich, Univ. Notre Dame. 

O. L. Stock, Rose Poly. Inst. 

C. 8. Cutshall, Purdue Univ. 

1943 Meeting, April 24, Univ. of Illinois. 


Kansas-Nebraska: 
W. C. Brenke, Chairman, Univ. of Nebraska. 


G. W. Bradshaw, Secretary, Univ. of Kansas. 
F. F. Frazier, Program, Kansas State College. 


Kentucky: 


F. L. Wilkinson, Chairman, Univ. of Louisville. 
J. W. May, Vice Chairman, Univ. of Kentucky. 
———————, Sec.Treas., ——-————_-. 


Middle Atlantic: 
Hale Sutherland, Chairman, Lehigh University. 
L. H. Rittenhouse, Vice Chairman, Haverford College. 
F. D. Carvin, Sec.-Treas., Newark College of Eng. 
G. F. Bateman, Member, Nom. Com., Cooper Union. 


Michigan: 
R. A. White, Chairman, Grand Rapids Junior College. 
C. C. Winn, Vice Chairman, Detroit Inst. Tech. 
C. A. Brown, Sec.-Treas., General Motors Inst. 
1943 Meeting, April 24, Michigan State College. 


Minnesota: 


C. A. Mann, Chairman. 
Geo. Filipetti, Secretary. 
Otto Zelner, Program. 


Missouri: 
E. W. Carlton, Chairman, Missouri Mines. 
R. B. B. Moorman, Vice Chairman, Univ. of Missouri 
T. R. Ball, Secretary, Washington Univ. 

1943 Meeting, April, Washington Univ. 
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National Capital: 
8. 8. Steinberg, Chairman, Univ. of Maryland. 
A. G. Christie, Vice Chairman, Johns Hopkins Univ. 
E. J. Stocking, Sec.-Treas., U. 8. Civil Service Com. 


New England: 
F, W. Garran, Chairman, Dartmouth College. 
C. E. Tucker, Secretary, Mass. Inst. of Tech. 
C. L. Dawes, Member, Nom. Com., Harvard Univ. 


North Midwest: 
L. O. Stewart, Chairman, Iowa State College. 
W. J. Hebard, Vice Chairman, Marquette Univ. 
F. E. Lightburn, Sec.-Treas., Iowa State College. 
G. F. Tracy, Univ. Wisconsin. 
L, A. Rose, Mich. M. & T. 
R. W. French, Univ. Minnesota. 
J. W. Howe, Iowa State Univ. 


Ohio: 
J. R. Shank, Chairman, Ohio State Univ. 
M. E. Haas, Vice Chairman, Univ. of Dayton. 
E. O. Seott, Vice Chairman, Univ. of Toledo. 
W. R. Dumble, Secretary, Ohio State Univ. 


Pacific Northwest: 
Harry McIntyre, Chairman, Univ. of Washington. 
R. Q. Brown, Vice Chairman, Univ. of Washington. 
E. D. Engel, Sec.Treas., Univ. of Washington. 


Pacific Southwest: 
C. T. Wickocil, Chairman, Univ. of California. 
G. A. Gehrig, Vice Chairman, Pasadena Jr. College. 
E. D. Howe, Sec.-Treas., Univ. of Calif. 


Rocky Mountain: 
G. E. Sechrist, Chairman, Univ..of Wyoming. 
C. W. Brown, Secretary, Univ. of Wyoming. 


South Dakota: 
H. E. Brookman, Chairman, Univ. of South Dakota. 
W. G. Gamble, Vice Chairman, S. D. State College. 
C. G. Watson, Secretary, 8. D. School of Mines. 


Southeastern: 
G. J. Davis, Chairman, Univ. of Alabama. 
F. L. Wilkinson, Vice Chairman, Univ. of Louisville. 
H. G. Haynes, Secretary, The Citadel. 
1943 Meeting, May 1, Univ. of Tennessee. 


Southwestern: 
J. H. Pound, Chairman, Rice Institute. 
H. F. Godeke, Vice Chairman, Texas Tech. College. 








H. C. Dillingham, Sec.-Treas., A. & M. College of Texas. 


Meeting, Texas Technological Institute. 














Upper New York: 


SECTIONS AND BRANCHES 


Paul H. Black, Chairman, Cornell University. 
G. E. Grantham, Vice Chairman, Cornell University. 
H. A. Weiss, Sec.-Treas., Clarkson College of Technology. 


BRANCHES 


Arizona: 
F. C. Kelton, Chairman. 
B, Cunningham, Vice-Chairman. 
C. McCombs, Secretary. 
A 


J. 

G. 
Bucknell 

H. 

G. 


. Weeden, Chairman. 
N. Kunkle, Sec.-Treas. 
Case: 
J. G. Albright, Chairman. 
G. W. Sanford, Vice-Chairman. 
G. B. Priester, Secretary. 
Colorado School of Mines: 
———, Chairman. 
R. M. Copeland, Vice-Chairman. 


Colorado State College: 

G. F. Henry, Chairman. 
University of Colorado: 

W. Otto Birk, Chairman. 

H. B. Palmer, Secretary. 
Cornell: 

E. M. Strong, Chairman. 


University of Detroit: 


F, J. Linsenmeyer, Chairman. 
J. Gerardi, Vice-Chairman. 
J. J. Uicker, Secretary. 


Georgia School of Technology: 

W. V. Dunkin, Chairman. 

P. B. Narmore, Secretary. 
Lafayette: 

H. W. Savage, Chairman. 

E. L. MeMillen, Vice-Chairman. 

W. G. McLean, Secretary. 
Maine: 


C. E. Bennett, Chairman. 
W. J. Creamer, Vice-Chairman. 
R. A. Sawyer, Secretary. 


Michigan State College: 
O. W. Fairbanks, Chairman. 
C. A. Miller, Vice-Chairman. 
L. 8. Foltz, Secretary. 
J. E. Robertson, Treasurer. 


Newark College of Engineering: 
Frank N. Entwisle, Chairman. 
Paul E. Schweizer, Treasurer. 
H. N. Cummings, Secretary. 


North Carolina State College: 


A. M. Fountain, Chairman. 

W. H. Browne, Vice-Chairman. 
T. C. Brown, Secretary-Treasurer. 
W. G. Van Note, Corresponding 
Secretary. 


Northeastern: 


C. P. Baker, Chairman. 
W. T. Alexander, Secretary. 


Pennsylvania State College: 


A. L. Tobias, Chairman. 
F. T. Mavis, Vice-Chairman. 
A. H. Zerban, Secretary. 


Purdue: 


W. J. Cope, Chairman. 
L. H. Kemmer, Secretary. 


Tufts College: 


A. W. Leighton, Chairman. 
F. N. Weaver, Secretary. 


Worcester Polytechnic Institute: 


E. D. Wilson, Chairman. 
F. J. Adams, Secretary. 
V. Siegfried, Member, Exec. Com. 











COMMITTEES FOR 1942-43 


Conferences: C. E. MacQuigg, Chairman, The Ohio State University, Colum- 
bus, Ohio, in charge of all conferences for the 50th anniversary meet- 
ing, Chicago, Ill., June 18-20, 1943. 

Executive: H. T. Heald, Chairman, Illinois Institute of Technology, Chicago, 
Ill, C. E. MacQuigg, B. M. Woods, J. 8S. Thompson, F. L. Bishop. 
Program: H. T. Heald, Chairman, C. E. MacQuigg, B. M. Woods, J. 8. 

Thompson, F. L. Bishop. 

Publication: F. L. Bishop, Chairman, University of Pittsburgh, Pittsburgh, 
Pa., A. H. White and H. T. Heald. 

Acceleration of Regular Engineering Programs: D. B. Prentice, Chairman, 
Rose Polytechnic Institute, Terre Haute, Ind., I. C. Crawford, C. E. 
MacQuigg, E. L. Moreland, R. W. Sorensen, F. L. Wilkinson; H. T. 
Heald and F. L. Bishop, Ex-Officio. 

Aeronautical Engineering: Alexander Klemin, Chairman, New York Uni- 
versity, New York City, H. W. Barlow, L. R. Parkinson, C. T. Reid, 
Hans Reissner, M. J. Thompson, K: D. Wood, J. E. Younger. 

Comprehensive Examinations: R. H. Frazier, Chairman, Mass. Inst. Tech., 
Cambridge, Mass., H. W. Bibber, W. E. Howland, C. V. Mann, C. T. 
Olmsted, C. L. Svensen, G. 8S. Timoshenko, W. C. White, P. A. Willis. 

Engineering Economy: E. D. Ayres, Chairman, Ohio State University, 
Columbus, Ohio, J. C. Clark, W. D. Ennis, L. J. Fletcher, E. L. Grant, J. 
C. Hempstead, M. C. Mellroy, P. T. Norton, A. I. Peterson, R. C. 
Putnam. 

Engineering School Libraries: J. B. O’Farrell, Chairman, College of the City 
of New York, New York: City, Harold Lancour, Ruth McG. Lane, Gran- 
ville Meixell, Natalie Nicholson. 

Engineering Research: L. M. K. Boelter, Chairman, University of California, 
Berkeley, Calif., F. M. Dawson, F. O. Ellenwood, O, A. Hougen, A. 8S. 
Langsdorf, M. F. Sayre, E. O. Waters, J. R. Withrow, W. R. Woolrich. 

Evening Engineering Courses: R. E. Doherty, Chairman, Carnegie Institute 
of Technology, Pittsburgh, Pa., N. P. Auburn, H. P. Dutton, H. E. 
Dyche, F. C. Stockwell. 

Fiftieth Anniversary (1943): Working Committee: H. P. Hammond, Chair- 
man, The Pennsylvania State College, State College, Pa., 8. B. Earle, 
K. T. Compton, O. J. Ferguson, D. B. Prentice, A. H. White, H. T. 
Heald, O. W. Eshbach, F. L. Bishop. 

Honorary Committee: ©. Frank Allen and M. E. Cooley, Chairman, 
F. E. Giesecke, D. C. Jackson, J. P. Jackson, D. 8. Jacobus, L. E. 
Reber, R. L. Sackett. 

Format of the Journal of Engineering Education: J. 8S. Thompson, Chairman, 
McGraw-Hill Book Co., New York City, W. Bradford Wiley, F. L. 
Bishop. 

Graduate Study: L. E. Grinter, Chairman, Illinois Institute of Technology, 
Chicago, Ill., Hardy Cross, J. W. M. Bunker, H. J. Masson, R. W. Soren- 
sen, A. H. White. 

Institutional Members: R. A. Seaton, Chairman, Kansas State College, Man- 
hattan, Kansas, D. C. Jackson, R. L. Sackett. 
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Instructional Methods: C. S. Ell, Chairman, Northeastern University, Bos- 
ton, Mass., W. RB. Bryans, W. M. Cobleigh, H. J. Gilkey, Scott Lilly, 
J. B. Morehouse, C, E. Tucker. 

Junior Colleges: A. H. Lovell, Chairman, University of Michigan, Ann 
Arbor, Mich., E. C. Douglas, E. R. Hedrick, J. W. Hazen, C. T. Oswald, 
R. H. Spahr, R. A. White. 

Lamme Award: A. M. Dudley, Chairman, Westinghouse E. & M. Co., East 
Pittsburgh, Pa.; four years, E. M. Billings, 343 State St., Rochester, 
N. Y., R. C. Ernst, University of Louisville, L. G. Straub, University 
of Minnesota; three years, T. R. Agg, Iowa State College, L. E. Grinter, 
Illinois Institute of Technology, G. W. Gleeson, Oregon State College; 
two years, Paul Cloke, University of Maine, 8S. B. Earle, Clemson Col- 
lege, F. A. Thomson, Montana School of Mines; one year, A. M. Dudley 
A. C. Stevens, General Electric Company, B. G. Elliott, University of 
Wisconsin. 

Membership: H. T. Heald, Chairman, Illinois Institute of Technology, Chi- 
cago, Ill., J. E. Hannum, L. P. Arduser, G. P. Stocker, H. E. Davis, RB. 
E. Vivian, R. L. Daugherty, S. M. Morris, C. M. MecKergow, C. R. 
Young, Warren Raeder, C. M. Knudson, J. R. Morgan, L. E. Seeley, J. 
H. Lampe, R. L. Spencer, Jos. Weil, R. L. Sweigert, J. E. Buchanan, 
R. C. Kintner, B. H. Jennings, R. P. Hoelscher, Seibert Fairman, R. J. 
Schubmehl, J. M. Phelps, D. L. Arm, E. B. Kurtz, R. L. Grider, Linn 
Helander, C. C. Jett, F. L. Wilkinson, C. W. Ricker, R. T. Sessums, 
P. M. Horton, A. 8. Hill, R. E. Root, W. B. Kouwenhoven, 8. 8. Stein- 
berg, W. E. Nightingale, J. 8. Thompson, C. E. Tucker, H. P. Burden, 
K. G. Merriam, I. C. Crawford, C. J. Freund, A. R. Carr, M. M. Cory, 
C. T. Eddy, C. A. Koepke, H. A. Curtis, C. V. Mann, W. M. Cobleigh, 
W. L. DeBaufre, 8S. G. Palmer, L. W. Hitchcock, F. W. Garran, James 
Creese, H. N. Cummings, F. H. Pumphrey, J. C. Elgin, D. F. Othmer, 
W. H. H. Cowles, P. H. Black, 8. J. Tracy, J. M. Church, Bro. A. Leo, 
H, E. Wessman, F. C. Wilson, M. F. Sayre, Louis Mitchell, H. H. 
Nugent, W. H. Hall, E. E. Randolph, L. C. Harrington, F. E. Ayer, R. 
C. Gowdy, G. B. Carson, C. E. MacQuigg, D. M. Palmer, H. L. Dodge, 
A. Naeter, F. O. MeMillan, A. C. Callen, W. B. Plank, G. A. Irland, 
R. C. Disque, J. 8. Goff, W. N. Jones, P. E. Rush, C. L. Kinsloe, C. G. 
Thatcher, J. S. Morehouse, R. L. Wales, L. 8S. LeTellier, J. G. Potter, 
N. W. Dougherty, H. E. Degler, A. A. Jakkula, E. H. Plath, L. B. 
Ryon, C. V. Bullen, A. Diefendorf, G. F. Eckhard, A. D. Taylor, Louis 
O’Shaughnessy, J. L. Vaughan, R. D. Sloan, E. R. Wileox, C. E. Lawall, 
H. E. Pulver. 

Nominating: Past presidents, members of Council retiring in 1944, and one 
member of the Society from each Section who shall have been elected 
for a term of one year at a regularly called meeting of the Section and 
duly certified to the Secretary of the Society before May 15, 1942. 

Personal Development, Coérdinate Committees in: Ivan C. Crawford, General 

Chairman, University of Michigan, Ann Arbor, Mich. 

(a) Student Selection: R. L. Sackett, Chairman, Hotel Sheraton, New 
York City, G. M. Butler, J. W. Howe, W. A. Knapp, W. C. Krath- 
wohl, W. B. Plank. 

(b) Undergraduate Adjustments: F. L. Wilkinson, Chairman, Univer- 
sity of Louisville, Louisville, Ky., C. T. Eddy, J. E. Hobson, C. 
A. Koepke, T. H. Morgan, J. C. Reed. 

(c) Development and Placement: 0. W. Eshbach, Chairman, Northwest- 
ern University, Evanston, Ill., L. W. Bass, Walter Bishop, M. M. 
Boring, N. C. Ebaugh, J. H. Foote, W. J. Hebard, S. B. Morris. 
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Physics: J. G. Potter, Chairman, School of Mines, Rapid City, 8. D., H. L, 
Dodge, C. E. Bennett, G. P. Brewington, P. L. Copeland, Lark-Horovitz, 
J. W. Woodrow. 

Principles of Engineering Ethics: J. W. Barker and D. C. Jackson. 

Progress: OC. F. Scott, Chairman, Yale University, New Haven, Conn., E. H. 
Flath, D. C. Jackson, C. C. Williams. 

Relations with Engineering Societies: W. R. Woolrich, Chairman, University 
of Texas, Austin, Texas, D. B. Prentice, H. P. Hammond, F. L. Bishop. 

Relations of Divisions to the Society: E. L. Eriksen, Chairman, University 
of Michigan, Ann Arbor, Mich., C. E. Bullinger, S. W. Dudley, H. E. 
Dyche, O. W. Eshbach, H. M. McCully, J. H. Rushton. 

Secondary Schools: D. M. Palmer, Chairman, University of Toledo, Toledo, 
Ohio, A. A. Bennett, L. M. K. Boelter, W. D. Turnbull. 

Sections and Branches: B. M. Woods, Chairman, University of California, 
Berkeley, Calif., O. V. Adams, P, S. Biegler, A. R. Carr, L. E. Conrad, 
H. O. Croft, J. W. Harrelson, R. H. Suttie. 

Student Conservation: W. E. Wickenden, Chairman, Case School of Applied 
Science, Cleveland, Ohio, C. J. Freund, W. A. Knapp, A. V. Millar, F. 
L. Wilkinson. 

Representatives of the Society on Various Committees, Boards and Com- 

missions: 

American Standards Association: 


Symbols and Abbreviations: E. J. Streubel, P. J. Kiefer, M. C. 
Stuart. 

Standard Drawings and Drafting Room Practice; Z-14: T. E. 
French. 


Electrical Definitions: E. E. Bennett. 
Symbols for Heat and Thermodynamics: R. C. H. Heck, P. J. 
Kiefer, M. C. Stuart, L. T. Work. 
Standardization of Aeronautical Symbols: Alexander Klemin. 
American Council on Education: F. L. Bishop, D. B. Prentice, W. 
Wickenden. 
Engineers’ Council for Professional Development: D. B. Prentice, C. 
Williams, R. E. Doherty. 
Charles A. Coffin Fellowships and Research Committee: H. T. Heald. 
National Bureau of Engineering Registrations: Paul Cloke. 
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THE 8. P. E. E. EMBLEM AND MEMBERSHIP CERTIFICATE 





™ The Certificate is engraved on durable parchment paper, size 
ity 814 x 11 inches, suitable for framing. The name and date of elec- 
op. tion are engrossed, and the certificate is signed by the president 
.: and secretary. The price of the certificate is two dollars. 
do, 

THE SOCIETY FOR THE 
ia PROMOTION OF ENGINEERING EDUCATION 
ad, 


THIS CERTIFIES THAT 


ied Genry KR. Sandringinan 
F, IS A MEMBER OF 
THE SOCIETY POR THE PROMOTION OF ENGINEERING EDUCATION 














om- 
AN ORGANIZATION FOR THE ADVANCEMENT OF 
ENGINEERING EDUCATION WITH RESPECT TO PROCEDURES 
C STANDARDS AND PROFESSIONAL [DEALS 
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A period of a month may elapse between the date of the order 
E. and the delivery of the certificate, because of the time required for 
engrossing the certificate and securing the necessary signatures. 
Print your name on the order blank exactly as you wish it to 
i. appear on the certificate. 

The 8. P. E. E. Emblem comes in two styles, gold and gold- 
plated, with a blue background and gold lettering. It may be 
secured in the form of a pin with a safety catch, ora charm. The 
pin is one-half inch and the charm five-eighths inch, as reproduced 
below. 

The two styles available, together with prices, are as follows: 








PIN 


Ss, $2.25 Gold ........... $3.50 
Gold-plated _ 1.00 Gold-plated 1,25 
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LAMME MEDAL 


LAMME MEDAL 


Benjamin Garver Lamme left to this Society a trust fund, the income 
from this to be expended for a gold medal ‘‘to be given yearly to a chosen 
technical teacher for accomplishment in technical teaching or actual advance- 
ment of the art of technical training.’’ 


RECIPIENTS OF LAMME MEDAL 


1928—GrorcE FiLtMorE Swain, Professor of Civil Engineering, Harvard 
University. 

1929—IrvING PorTER CHURCH, Emeritus Professor of Applied Mechanics and 
Hydraulics, Cornell University. 

1930—CHaRLES Fer.Ton Scott, Professor of Electrical Engineering, Yale 
University. 

1931—Dvu@aLp CALEB JACKSON, Professor of Electric Power Production and 
Distribution, in charge, Dept., Electrical Engineering, Massachusetts 
Institute of Technology. 

1932—ArTHUR NEWELL TALBoT, Professor of Municipal and Sanitary Engi- 
neering, Emeritus, University of Illinois. 

1933—-DExTER SIMPSON KIMBALL, Professor of Industrial Engineering, Dean, 
College of Engineering, Cornell University. 

1934—-EpwarD RosE Maurer, Professor of Mechanics, University of Wisconsin. 

1935—-WILLIAM ELGIN WICKENDEN, President, Case School of Applied Science. 

1936—HERMAN SCHNEIDER, Dean, University of Cincinnati. 

1937—-FREDERICK EUGENE TURNEAURE, Dean, University of Wisconsin. 

1938—RoBERT LEMUEL SACKETT, Dean, Pennsylvania State College. 

1939—STEPHEN P. TIMOSHENKO, Professor of Theoretical and Applied Me- 
chanics, Stanford University. 

1940—ANDREY A. PoTTER, Dean, Schools of Engineering, Purdue University. 

1941—ANson Marston, Dean of Engineering, Emeritus, Iowa State College. 

1942—Roy ANDREW Seaton, Dean, Division of Engineering, Kansas State 
College; Director, E. 8S. M. W. T., U. 8. Office of Education. 
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CaTHOLIC UNIVERSITY oF AMERICA, Washington, D. C., Joseph M. Corri- 
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UNIVERSITY OF CINCINNATI, Cincinnati, Ohio, Raymond Walters, Presi- 
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Tue CrrapEL, THE MiuirAry CoLLEGE or SouTH CAROLINA, Charleston, 
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CLARKSON COLLEGE or TECHNOLOGY, Potsdam, N. Y., John A. Ross, Jr., 
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CLEMSON AGRICULTURAL COLLEGE, Clemson, 8S. C., Robert F. Poole, Presi- 
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CoLorapo ScHOOL or MinEs, Golden, Colo., Melville F. Coolbaugh, Presi- 
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CoLorapo STaTE COLLEGE OF AGRICULTURE AND MECHANIC ARTs, Fort 
Collins, Colo., Roy M. Green, President, N. A. Christensen, Dean .... 
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UNIVERSITY OF CONNECTICUT, Storrs, Conn., A. N. Jorgensen, President, 
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Tue Cooper Union, New York City, Edwin S. Burdell, Director, G. F. 
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CoRNELL UNIVERSITY, Ithaca, N. Y., Edmund Ezra Day, President, 8. C. 
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UNIVERSITY OF DELAWARE, Newark, Del., Walter Hullihen, President, R. 
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UNIVERSITY OF DENVER, Denver, Colo., Caleb F. Gates, Chancellor, C. M. 
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University oF Detroit, Detroit, Mich., Charles H. Cloud, President, C. J. 
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DREXEL INSTITUTE OF TECHNOLOGY, Philadelphia, Pa., George P. Rea, 
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DuKke University, Durham, N. C., R. L. Thomas, President, W. H. Hall, 
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EcoLE POLYTECHNIQUE, Montreal, Canada, Augustin Frigon, President, 

Armand Cire6, Dome. . oo:.00000 080000 sen sessed ceheunesebenteeeahe 1917 
ENGINEERING INSTITUTE OF CANADA, THE, 2050 Mansfield Street, Mon- 

treal, Canada, L. Austin Wright, Secretary .............02eseeee. 1924 
UNIVERSITY OF FLoripa, Gainesville, Fla., John J. Tigert, President, 

Joseph Weil, Dean 2.2 csccccccccnccccraccssccesvsessescssce saps 1928 
GeorGE WASHINGTON UNIVERSITY, Washington, D. C., Cloyd Heck Mar- 

vin, President, ¥.. MM. Poether, Dea ..ccccdscsssstebvuss tecewasseee 1913 
GrorGIA SCHOOL OF TECHNOLOGY, Atlanta, Ga., M. L. Brittain, President, 
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THE GRADUATE SCHOOL OF ENGINEERING, Harvard University, Cambridge, 
Mass., James Bryant Conant, President, Harald M. Westergaard, 
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UNIVERSITY OF IDAHO, Moscow, Idaho, H. C. Dale, President, J. E. Bu- 
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ILLINOIS INSTITUTE OF TECHNOLOGY, Chicago, Ill., H. T. Heald, President 1921 
UNIVERSITY OF ILLINOIS, Urbana, Ill., A. C. Willard, President, M. L. 
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Iowa Strate CoLLEGE, Ames, Iowa, Charles E. Friley, President, T. R. 
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State UNIVERSITY or Iowa, Iowa City, Iowa, Virgil M. Hancher, Presi- 
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Kansas State COLLEGE OF AGRICULTURE AND APPLIED SCIENCE, Man- 
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THE UNIVERSITY OF Kansas, Lawrence, Kans., Deane W. Malott, Chancel- 
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UnIversITY oF Kentucky, Lexington, Ky., H. L. Donovan, President, 
James Hi. Graham, DOGm <6 0 oo550.0scoocdbe vd sven bsanessdannenes 1925 
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VILLANOVA COLLEGE, Villanova, Pa., E. V. Stanford, President, J. 8. 
OI, IR 5 6a Cutis 6 Socks boas Raw te sews ted deeds poopie ees 
VireintA Miuitrary Institute, Lexington, Va., C. E. Kilbourne, Super- 
intendent, 8. W. Anderson, Academic Executive ...........-....-. 
Vireinia PoLyYTEcHNic InstiTuTE, Blacksburg, Va., Julian A. Burruss, 
CO Te Bee SUG IONE oir ctor cde Web cccdsetetupaaeanes 
UNIVERSITY oF VirGIniA, University, Va., J. L. Newcomb, President, W. 
IP, IN ios 5 oes Cbs eae ieee bec nce ovens hobseesneseonen 
WASHINGTON UNIVERSITY, St. Louis, Mo., George R. Throop, Chancellor, 
Ms i EE SO od cee Sete ccbevetoccs sevecoasceepepebese 
Strate CoLLEGE OF WASHINGTON, Pullman, Wash., E. O. Holland, Presi- 
a ae ee I, IE oS ag 5 pcb knee hss bew as eb ss ben whee bat pant 
UNIVERSITY OF WASHINGTON, Seattle, Wash., Lee Paul Sieg, President, 
ME Se I SE voto cere sea css Viesetenasevesseetons 
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INSTITUTIONAL MEMBERS 


Wess INSTITUTE OF NAVAL ARCHITECTURE, New York City, George H. 


DOCK, TRORR 60.60 658 sb eae pk pee ee kG ais kod Ss seek ek 1937 
West VirnGINIA UNIVERSITY, Morgantown, W. Va., C. E. Lawall, Presi- 
dent, B.-P. Davin, Dee ss secs chek Fk ae eos pene crak ieubeees 1937 
UNIVERSITY OF WISCONSIN, Madison, Wis., Clarence A. Dykstra, Presi- 
Gent, F.. Bilig: Jobson: DONG 65 oi SS ss dp ween een eas 1914 
WorcESTER PoLYTECHNICc INSTITUTE, Worcester, Mass., Wat T. Ciuverius, 
President, FW. Wope, THOM ss cpu ee canes tneseus doce tenes taeene 1913 
UNIVERSITY OF WYOMING, Laramie, Wyo., A. G. Crane, President, R. D. 
Ganerigh, TGR ns 6.656 i Bien ch ees eewes anther ittaae 1925 
YALE UNIVERSITY, New Haven, Conn., Charles Seymour, President, 8S. W. 
DOT, DOM. 5 Sci iin 8 b¥5508 sb 6 vase oO ea eee aeeh 1917 
ASSOCIATE * 


ARKANSAS POLYTECHNIC COLLEGE, Russellville, Ark., C. R. Nichols, Dean 1940 
Buss ELEctricaL ScHoon, Takoma Park, Washington, D. C., Louis D. 


Bliss, President, Milton M. Flanders, Dean ..................00. 1939 
Fenn COLLEGE, Cleveland, Ohio, C. V. Thomas, President, B. H. Bush, 
DOR nn is 55 tun Sen kde bee ba Rens Deeks oe Ska Seana eee 1940 


FRANKLIN TECHNICAL INsTITUTE, Boston, Mass., B. K. Thorogood, Director 1940 
UNIVERSITY OF Hawaltl, Honolulu, T. H., David L. Crawford, President, 


Be. Bi Tigtlee) DOG: 05.55 cpg kasha da kne wa ciekehebioseieke 1923 
HowakD UNIVERSITY, Washington, D. C., M. W. Johnson, President, L. 

Fi, DORMS, TOO 5 oin''s 65 bi cincsscchadpedtisaandaeesedeasaheee 1937 
Kansas STaTe TEACHERS COLLEGE, Pittsburg, Kansas, Rees H. Hughes, 

Precdens, J.A. GO. Ce, Te 56 vio ds cca s ek cnesaced bes saacban 1937 
Los ANGELES JUNIOR COLLEGE, Los Angeles, Calif. R. C. Ingalls, Direc- 

tor, George W. Duncan, Chairman, Engineering Department ...... 1937 


OxuI0 MEcHANICcS INsTITUTE, Cincinnati, Ohio, John T. Faig, President .. 1940 
OnI0 NorRTHERN UNIVERSITY, Ada, Ohio, Robert Williams, President, J. 


Bn DRT 6 TR cob 650 5 oh ee nk oe cs ben it en bd OCS SERIE Dee eee 1937 
UNIVERSITY OF Porto Rico, Rio Piedras, P. R., R. G. Tugwell, Chancellor, 
De TR nos nied cowie Shaes oho kev ate cebeeg earn 1920 
ScRANTON-KEYSTONE JUNIOR COLLEGE, La. Plume, Pa., B. 8. Hollings- 
head, President, J. A. Strelzoff, Chairman ....................48- 1937 
Texas CoLLEGE oF Arts & INDUSTRIES, Kingsville, Texas, J. O. Loftin, 
President, BR. L. Peurifoy, Director ........ccccecscctcosccvceces 1937 
WESTINGHOUSE TECHNICAL NicHT ScHooL, East Pittsburgh, Pa., R. A. 
Daee OO, TRUDE 8 is seis heaves csc oavec ene scene ee banaue was 1924 
Total institutional members: 
FO PPE PCE re PES Pe ey one Fo ag 140 
MUI So 5k. o ho oa he eo Ee TS ea 14 
154 


* An associate member may become an active member when one or more 
of its curriculums are accredited by the E. C. P. D. 
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AAKHUS, THEODORE, Assistant Professor of Engineering Drawing, Uni- 


wersity of Nebraska, Tdnedin, Nebr. 2.02... cc cecsccicvececeveun 1933 
ABBETT, RosertT W., Assistant Professor of Civil Construction, Union 

CE, ON, WR nS Nass cvcsaadsceneodeviiend caanneue 1936 
AsBiITT, WILLIAM H., Associate Professor of Physics, Carleton College, 

PON SIN) 9 eh ca seule patch s sags ne ens ahs one ae sab hek eae 1941 
AssBorT, RAYMOND B., Professor of Physics, Purdue University, Lafayette, 

7 as iss a And kins eine Manip Rea Nisiacs © S00 o'h'o 46 ose ame SE 1928 
Assort, Roptrson, Somerville, Maas, ...05 2.0 ces ciccccccvssosvccsccses 1919 
ABBUHL, FRED, Associate Professor of English, Rensselaer Polytechnic In- 

SI UI, Ns a ade obs s galt au Sasa de es ses es aenseceveveswus 1939 
ACKENHEIL, ALFRED C., Instructor in Civil Engineering, University of 

PUNE, PUI, GE oo do ino cdi eee cccetoerescnespebieceae 1941 
ACKERMAN, ADOLPH J., Director of Engineering, Dravo Corporation, 

SURES DODEIAE, OMNI BS ss oe koe e dine 0.00 cient cndns Ves besneye 1941 
Apams, ArTuur 8., Assistant Dean, College of Engineering, Cornell Uni- 

versity, Ithaca, N. Y. In military service .................e000. 1931 
ApAMs, CHARLES J., Professor and Head, Dept. of English, Worcester 

Polytechnic Institute, Worcester, Mass. .............0eeceeeeeees 1937 
Apams, Dovatas P., Instructor in Graphics, Massachusetts Institute of 

i err a ree Br er eer ie 1941 
ApaMs, Francis J., Professor of Electrical Engineering, Worcester 

Polytechnic Institute, Worcester, Mass. ............2e2eeeeseccees 1912 
ApAms, Henry C., Assistant Professor of Naval Architecture and Marine 

Engineering, University of Michigan, Ann Arbor, Mich. ........... 1940 
Apams, Otto V., Dean of Engineering, Texas Technological College, 

SOEs: ONO. vi. aip a Canc bdn hag danek 6.05k668 044 O60440888 eRe 1930 
ApAMSs, RALPH G., In charge of Courses, Franklin Union Technical Insti- 

EG, DN, GUNN. 6 6054. 6 Hes 5 dae S <a ond ne SNA ROR ea 1940 
Apams, THomaAs C., 242 8. 12th St. E., Salt Lake City, Utah ........... 1930 
ApAMs, Wit1iaAM E., Assistant Professor of Mechanical Engineering, 

North Carolina State College, Raleigh, N. C. .......--..eceeeeees 1939 
ApDES, CLIFFORD 8., Assistant Professor and Head, Dept. of Engineering, 

Denison University, Granville, Ohio .............. esse ceeeeeees 1936 
AaER, RayMonD W., Associate Professor of Electrical Engineering, Cor- 

eet Tirana, Ties es Wiis so 56 sinh hin sin on ha dévdoinesaeeeeee 1940 
Aaa, THomas R., Dean of Engineering, Director, Engineering Experi- 

ment Station, Iowa State College, Ames, Iowa ...........seeeeee- 1923 
AHLQUIST, RoBerTt W., Assistant Professor of Electrical Engineering, 

Towa State College, Amiss, Tows .....0csccccssegeccessccccsceese 1929 


Arxsn, C. C., Director, Training Course, R.C.A. Mfg. Co., Camden, N. J. 1939 
AIKEN, Henry B., Assistant Professor of Civil Engineering, University 


OE TEI, TNS. PUG inven dc cvececactvevcesssssetveeee 1937 
AITKENHEAD, WM., Professor and Head, Dept. of Agricultural Engineer- 
ing, Purdue University, Lafayette, Ind. ...........0..seesececeeee 1924 


AKERMAN, JOHN D., Professor and Head, Department of Aeronautical 
Engineering, University of Minnesota, Minneapolis, Minn. ........ 
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ALBERT, ARTHUR L., Professor of Communication Engineering, Oregon 


State College, Corvallis, Ores: <..icc iced snc ccsccdesvesesecededseces 1929 
ALBERT, CALVIN D., Professor and Head, Dept. of Machine Design, Cor- 

nell University, Ithaen, i. Te) ooiiciesiccaeessa inte duis baaieeee 1938 
ALBERT, Opp, Assistant Professor of Structural Engineering, Director of 

Publicity, Newark College of Engineering, Newark, N. J. ......... 1938 
ALBRIGHT, PznrosE 8., Chairman, Division of Natural Sciences, South- 

western Oollége, Winiield, Tames. ois. 00 csteccstnswnsnseecdices 1932 
ALDRICH, BENJAMIN M., Assistant Professor of Mechanical Engineering, 

Oklahoma A. & M. College, Stillwater, Okla. .................0.04- 1932 
AtpricH, Mitton H., Assistant Professor of Civil Engineering, Univer- 

sity of Vermont, Barlingtom, VW. 3.5.5 0:05). ts siiee i ses since vondite 1939 
ALEXANDER, NICHOLAS, Professor of Aeronautical Engineering, Rhode 

Island State College, Kingston, R. I. .......... ccc ceeccecccccees - 1937 
Beet amek,: Wasa Ty ick Vise cs cnned ates sak teneuse Colaba 1929 
ALGER, PHiItip L., Chairman, General Standardizing Committee, General 

Electrie Company, Schenectady, N. Y. ...-.....ccceececscscecece 1925 


ALGREN, AXEL B., Assistant Professor of Mechanical Engineering, Assist- 
ant Director, Engineering Experiment Station, University of Min- 


nesota, Minneapolia; Mian. ..i...cosccee cicnscsus voecesodoeuede . 1929 
ALLAN, WILLIAM, Associate Professor of Civil Engineering, Chairman of 
Dept., College of the City of New York, New York City ........... 1935 


ALLEN, C. Frank, Retired, 88 Montview St., West Roxbury, Mass. (Pres- 

ident, 1908-4; Secretary, 1895-7 ; Vice President, 1898-9; Member 

Of Coanell dinate 1806.) occ ccrcisds ieccidsctwebesee diekis seat 1893 
ALLEN, CHESTER L., Professor and Head, Dept. of Civil Engineering, 

Michigan State College, East Lansing, Mich. .............esee0e. 1917 
ALLEN, C. M., Professor of Hydraulic Engineering, Director, Alden Hy- 

draulic Lab., Worcester Polytechnic Institute, Worcester, Mass. .... 1903 
ALLEN, Evsert F., Professor of Mathematics, A. & M. College of Okla- 

A Ore Pe ree, Teer rte se ee tee 1937 
ALLEN, GrorGE M., Assistant Professor of Drafting, Executive Officer, 

Columbia University, New York, N. Y. ..........scccccseccecces 1941 
ALLEN, Rosert L., Instructor in Mechanical Engineering, Georgia School 

of Technelogy, Atlante, Gas oso cicieccs ccobkésbpetiietaeasds cee 1937 
ALLEN, RussE.t B., Associate Professor of Civil Engineering, University 

of Marylend, Collége Pask, MG, ...c005 ode recnccechecenenbencesis 1937 
ALLIASON, ALBERT R., Head and Associate Professor of Electrical Engi- 

neering, Wayne University, Detroit, Mich. ..............eeeeeeees 1938 
ALLISON, WILLIAM H., Associate Professor of Civil Engineering, Clark- 

son College of Technology, Potsdam, N. Y. ...........2c-eeeeeees 1928 
ALLURED, RoBERT B., Associate Professor of Electrical Engineering, Ar- 

kansas Polytechnic College, Russellville, Ark. In military service 1940 
Amy, Loren B., Assistant Professor of Civil Engineering, University of 


North Dakota, Grand. Forks, Nu: Dy o:250:5::'s,0:09s <esbboe sa cohevssee 1941 
AMBERG, CHARLES R., Professor of Ceramic Engineering, New York 

State College of Ceramics, Alfred, N. Y. ..........00eseeceeceens 1941 
AmBROSIUS, EpGar E., Associate Professor and Head, Dept. of Mechani- 

cal Engineering, University of Kansas, Lawrence, Kansas ........ 1941 
AMELOTTI, EmIL, Assistant Professor of Mathematics, Villanova College, 

TROON, PO. ins v.0k ves i cbndesenthd i tenesiam na enaewan 1938 
Amipon, Lez L., Professor and Head, Dept. of Mechanical Engineering, 

South Dakota State College, Brookings, S. D. ...........eeseeeeees 1928 


ANDERSEN, Pav, Associate Professor of Structural Engineering, Uni- 
versity of Minnesota, Minneapolis, Minn. ...............0.0.000. 1934 
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ANDERSON, C. A., Associate Professor of Engineering, University of 
Pittsburgh, Johnstown Center, Johnstown, Pa. .............+e00. 
ANDERSON, CakL G., Assistant Professor of Mechanical Engineering, Ili- 
nois Institute of Technology, Chicago, Ill. .............-.seeeeeee 
ANDERSON, C. Epwarp, Professor and Chairman, Dept. of Mechanical 
Engineering, University of Wyoming, Laramie, Wyo. ............. 
AnpDEESON, D. S., Dean Emeritus, Tulane University; Ogunquit, Maine. 
(Member of Council, 1926-9, 1935-; Vice President, 1931-382; Pres- 
SR 56 Dob on coe we eS hs vb we pele ccer onda eae eee 
ANDERSON, HaroLtD W., Professor of Electrical Engineering, Iowa State 
CN: I, NN 2 5-6 hia edlas Sars bible bin: on ewig iv ore c ac'ne bine p bee gists 
ANDERSON, JAMES A., Dean of the Faculty, Head, Dept. of Civil Engi- 


neering, Virginia Military Institute, Lexington, Va. .............. 
ANDERSON, JOHN, Professor of Civil Engineering, The Citadel, Charles- 
I id aid: ot aed a i ah AS ae a MAUS boorsluls $0 aN Oe ees ona ine 


ANDERSON, NEwTON H., Supervisor of Training Education Dept., Doug- 
las Aircraft Co., Inc., Santa Monica, Calif. ...............eeeeees 
ANDERSON, Vicroria, Associate in English, University of Washington, 
RN MINN Sie s Codecs y eines Neceeves Ue bvekeee ainedaumeel 
Anpves, Ammon §., Assistant Professor of Mechanical Engineering, Wash- 
ington State College, Pullman, Wash. .................ceeeceeees 
ANDRAE, STEPHAN C., 865 N. Mentor Ave., Pasadena, Calif. ............ 
ANDRES, Paut G., Associate Professor of Electrical Engineering, Illinois 
Institute of Technology, Chicago, Ill. .............cceeeeeeeccees 
ANDREWS, CaRL B., Professor of Engineering, University of Hawaii, 
Honolulu, T. H. (405 Charles St., E. Lansing, Mich.) ............ 
ANDREWS, GorDON O., Manager, Personnel Division, E. I. du Pont de 
Nemours and Co., Inc., Wilmington, Del. ................eceeees 
ANDREWS, STEPHEN C., Associate Professor of Business Administration, 
Virginia Polytechnic Institute, Blacksburg, Va. ............+-.40- 
ANGERMANN, WILLIAM G., Associate Professor of Electrical Engineering, 
University of Southern California, Los Angeles, Calif. ............ 
ANTHONY, RicHarp L., Professor of Mechanical Engineering, Rutgers 
University, New Brunswick, N. J. .........cccccccssccccvccccve 
AppLEBY, ALFRED N., Instructor in Drafting, College of the City of New 
RAB ae ME Ee ey SPY Peer EEE EME ES CK eT 
APPLEGATE, C. E., Field Engineer, Technical Division, Leeds & Northrup 
Co., 4901 Stenton Ave., Philadelphia, Pa. .............ceeeeeeees 
ArpusER, Leon P., Executive Assistant, E. 8S. M. D. T., University of 
Alabama; Univeralty, Als. oe cise ee ccc vccwcccteteeeecece 
ARENSON, Savut B., Professor of Inorganic-Chemistry, University of Cin- 
Siem Caan, | CNG as g 6.0.6 he Seis bc vse lec se ccaeetedaveces 
Arm, Davin L., Professor and Head, Dept. of Mechanical Engineering, 
Towa Gite Callens, Bieen BOWS qo6 oie ccc cce cba vagstensusguwe 
Armssy, Henry H., Field Coordinator, E. S. M. D. T., U. 8. Office of 
Edueation, Washington, D. C. (Member of Council, 1938-41) .... 
ARMSTRONG, Epwin H., Professor of Electrical Engineering, Columbia 
University, New York City ........ccccccccccccsvcccceccseccece 
Armstrona, W. H., Instructor in Industrial Engineering, The Pennsyl- 
vania State College, State College, Pa. ...........-.seseeecereees 
ARNeETT, LAWRENCE C., Instructor in Electrical Engineering, Howard Uni- 
versity, Washington, D. C. ........ ese eeeeeereececcnencececesens 
ARNOLD, JamEs E., Assistant Professor of Aeronautical Engineering, Uni- 
versity of Pittsburgh, Pittsburgh, Pa. .............00.e-eeeeeeeee 





1926 
1940 


1928 


1900 
1925 
1922 
1936 
1942 
1939 


1937 
1939 


1941 
1925 
1942 
1934 
1937 
1937 
1940 
1941 
1925 
1938 
1934 
1917 
1937 
1937 
1941 


1938 




























































1926 
1940 


1928 


1900 
1925 
1922 
1936 
1942 
1939 


1937 
1939 


1941 
1925 
1942 
1934 
1937 
1937 
1940 
1941 
1925 
1938 
1934 
1917 
1937 
1937 


1941 





LIST OF MEMBERS 37 


ARNOLD, J. NORMAN, Assistant Professor of Engineering Drawing, Pur- 


dus University, Lafayette, Tad. oi... i.0ss..0s0scwssdaeysekeeewees 1933 
ASHTON, Merton E., Alumni Secretary, Norwich University, Northfield, 
Vb. ives cctc yen cnbbcseewee «sak ong Span gle eaenietanceny aes aes 1940 
ATKINSON, FREDERICK G., Lt. Col., Air Corps Hdq., Army Air Forces, 
Wadhington, DB. C.: 6.525 vatacssaeesyeadeeverbinacscwaseaeees 1937 
ATKINSON, MarcareT B., Assistant Professor of Engineering Drawing, 
Texas Technological College, Lubbock, Texas ..............+.00+: 1937 
ATtwoop, STEPHEN S., Professor of Electrical Engineering, University of 
Michigan, Aun Arbor; BEGG. 56.600 cccant is eben tees cetcisbsuns cas 1926 
Atwoop, L. L., Professor and Head, Dept. of Language and History, 
Worcester Polytechnic Institute, Worcester, Mass. ...............- 1939 
AUBERT, BrRoTHER, Assistant Professor of Civil Engineering, Manhattan 
College, New York Ciby once cs sonics vnntd yes ceenbbete see eaenees 1935 
AUBURN, NorMAN P., Dean, Evening College, University of Cincinnati, 
Cincinnati, Ohio. 62.0 icdesssd os tena nee babe eesesuereetereren 1942 
AvuticH, WrroLp M., Professor of Mechanology, haeerenren: of Lwow, ul. 
Dunin- Borkowskich S, Liwow, PORE 25:.ivns screeds tons evsewuws 1930 
Autt, E. STANLEY, Professor of Machine Design, Purdue University, 
Lafayette, Tad. «5-005. sccestdensa peas <a begeney senses cacanwebees 1925 
AUTENREITH, GEORGE C., Professor and Chairman, Dept. of Drafting, Col- 
lege of the City of New York, New York City ..................- 1927 
Aver, FRED. E., Dean, College of Engineering and Commerce, University 
of Akron, Akron, O. (Member of Council, 1988-86.) ............ 1907 
AYERS, JOSEPH A., Associate Professor of English, University of Louis- 
Vibed, Leet, Go Ss es odo 5 de Cbd 55 Reta Eo eee eve aeey 1939 
AYERS, MAvrRIcE T., Assistant Professor of General Engineering, Rutgers 
University, New Brunswick, Ti, J. oo ic0 ik sipdie gies Saavinnatetecae 1938 
AyrE, Rosert §., Associate Mechanical Engineer, Naval Ordnance Lab., 
be ee A + eras were gee teen ee er een) Gump Ral penn 1939 
Ayres, EpMunpD D., Professor of Electrical Engineering, The Ohio State 
University, Columbus, ORI. os «05. 6sccwe ts sswedhpycee tewee ve oes 1934 
Ayres, Quincy C., Commander U. 8S. N. R., Bureau of Yards and Docks, 
Wathingten, Di. . Go cies wre ce.cvcdovey tees ome eee er eesteem ert 1926 
Bassrrr, Haroup E., Professor of Sanitary Engineering, University of 
Tiinels, Urbana, Ti 50:5 ciivecaccisisccnssiuds bpedpedeyoeskbaores 1922 
BaBcock, JOHN B., Professor of Railway Engineering, Massachusetts In- 
stitute of Technology, Cambridge, Mani... cies dsivdietee dekard 1923 
Bascock, M. M., Associate Professor of Industrial Engineering, Penn- 
sylvania State College, State College, Pa. ..........ccccceceeccees 1936 
Baccus, Ira B., Associate Professor of Electrical Engineering, Michigan 
State College, Mast Lansing, Mieke... ike Sestdebsscsenaeees 1942 
Backer, LESLIE H., Professor of Chemistry, Stevens Institute of Tech- 
aileogy, Hobsle, No Des o<..sicgcetesssacvssdeta peseuneeeewsiay 1930 
Backer, Louris B., Professor of Physics, Manhattan College, New York 
CEG sid. ov’ so SUS ey CV E65 6 AV Sees 1 Oks Up eas CINE RESET ee ae 1936 
Bacon, Rrnaupo A., Instructor in Mechanical Engineering, University of 
Texne, Austin, TORAs. 6.60 os. iitieds 6c ceacévinvesciagteewiaeeue 1939 
Bactry, James W., Lecturer in Geography, Institute of Geographical 
Exploration, Harvard University, Cambridge, Mass. .............. 1942 
Barer, Louis A., Associate Professor of Naval Architecture and Marine 
Engineering, University of Michigan, Ann Arbor, Mich. ........... 1940 


BarLey, Bens. F., Professor and Head, Dept. of Electrical Engineering, 
University of Michigan, Ann Arbor, Mich. ..............2eees0e 1920 
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Baltry, CHaguiz R., Specialist, E. 8. M. W. T., U. 8. Office of Education, 


oe | ET ee rt Leroy Peers kore ee 1942 
Barttey, Nei P., Research Engineer, Research Lab., General Electric 

sg SN” Wg. ee air Vin di a dn 0p 5s bo 50 ons 0 dog ee a dene 1930 
Bartey, WayY.Lanp 8., Assistant Professor of Mechanical Engineering, 

Northeastern University, Boston, Mass. ........ceseeeeeeeeeeeess 1937 
Barn, Witu1am A., Assistant Professor of Chemical Engineering, North 

Carolina State College, Raleigh, N. C. In military service ....... 1939 


BainER, Roy, Associate Professor of Agricultural Engineering, Univer- 








sity of Califermia, Davia; GAUL... 06... deci ec cee cep sew sees 1933 
Baker, CHESTER P., Professor and Chairman, Dept. of Chemical Engi- 
neering, Northeastern University, Boston, Mass..............-++++- 1926 
Baker, E. Doveuas, Associate Professor of Mathematics, Newark College 
of Engineering, Newark, N. J. ........ccceccccccessccccccccccces 1926 
Baker, Epwarp G., Associate Professor of Mathematics, Newark College 
of Engineering, Newark, N. J. .......ccccccccccccccceccccccces 1934 
Baker, Epwin M., Professor of Chemical Engineering, University of 
Michigan, Ann Arbor, Mich. .........-.ccccccccccstocessospeves 1937 
Baker, Etuis C., Professor in charge, Dept. of Mechanical Engineering, 
Oklahoma A. & M. College, Stillwater, Okla, ............+02e-+eeee 1925 
BakER, JOHN B., Assistant Professor of Mechanical Engineering, Drexel 
Institute of Technology, Philadelphia, Pa. ...............++.+ee0- 1937 
BAKER, RALPH D., Associate Professor of Mechanical Engineering, Uni- 
versity of Utah, Salt Lake City, Utah ..............ceeeeeeeeeeee 1940 
Baker, Ray P., Assistant Director, Rensselaer Polytechnic Institute, 
PO Ths. a cabo bake GIMee wads Vids cb aonkey badge bas kere eeun 1919 
BaKER, SAMUEL, Dean, Schools of Technology, International Correspond- 
ened Behools, Geramte, Fae soos cic ci cies ee ccoke ca vivedesesa 1935 
BAKHMETEFF, Boris A., Professor of Civil Engineering, Columbia Uni- 
VORREES, SOW NOUR CIEE biviccss sc cncig cas ceccrececsvovgstees gens 1937 
Bauint, ANTHONY T., Assistant Professor of Technical Drawing, Illinois 
Institute of Technology, Chicago, Tl. ............cc cc eeencesccves 1942 
Batt, ALBERT, Professor Emeritus, Cooper Union, New York, N. Y. ... 1908 
Bat, THEODORE R., Associate Professor of Chemistry, Washington Uni- 
VRS, TR. Ti, DO. Boss Sebiea oes soos tee cd gvis ceanceveuene 1930 
BALLARD, LyMAN J., Professor of Engineering and Physics, Webb Insti- 
tute of Naval Architecture, New York City ...........+eeeeeeeeee 1939 
BALsBAuGH, JAyson C., Associate Professor of Electric Production and 
bet Distribution, Massachusetts Institute of Technology, Cambridge, 
: WN 2-65 00 TN5S S5RoK' 0d 0 DESTIN EN OWE 0dig's bens sea et ee 1938 
Banos, JoHN R., Jr., Professor and Head, Dept. of Administrative Engi- 
neering, Cornell University, Ithaca, N. Y. .....--..---seeeeeeeeees 1932 
BANKS, CHARLES W., Head, Department of Applied Science, Wentworth 
Sess, Oates, PERN. | i546 i 5 wd ete heck ce cc bscevesie fovese eaves 1937 
BANMILLER, Partrus F., Registrar, Villanova College, Villanova, Pa. .... 1941 
BantEL, E. C. H., Professor of Civil Engineering, Assistant Dean, Uni- 
versity of Texas, Austin, Texas ..........cccccccccscccnencccese 1925 
Barser, WILLIAM J., Assistant Professor of Mechanical Engineering, 
Virginia Polytechnic Institute, Blacksburg, Va. ..............++4-: 1937 
Barcuay, LELAND, Assistant Professor of Civil Engineering, University 
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Eshbach, O. W., Dean 

Gamet, M. B., Asst.P.C.E.,Reg. 
Hartenberg, R. S., Asst.P.Mech. 
Hathaway, A. S., Asst.P.Sur.€Dr. 
Jennings, B. H., 'P.¢H.M.B. 
Jones, R. W., Asst.P.E.E. 
Kunz, R. J. F., Aast.P.Ch.E. 
Lagaard, M. B., eer game 
Langsner, A., Pu Mgm 

Maney, G. rs PALO. 
Obert, E. F., Asst.P.M.L. 
Philbrick, H. S., P.M.E. 

Rew, Irwin, Trustee 

Rogers, H. B.,P.1.Mgmt. 
Seulber, er, F. G., — Rel. 
Smith, G., P.Em 

Spriegel, vw R., P&H Mgmt. 
Thompson, H. PB Asst.P.C.B. 
Watson, C. E., Asst.P.I.Rel. 


Granite City 


Community High School 
Ludden, D. J., Dir.Voc. 











linois 


ute 











Joliet 
Junior College 
Douglas, E. C., H.Eng. 


Naperville 


North Central College 
Cardin, C. J., P.€H.Gen.2. 


Peoria 
Caterpillar Tractor Co. 
Fletcher, L. J., Dir.Tr. 


Bradley Polytechnic Institute 
Branigan, G. F., Assoc.P.Gen.B. 
Dace, F. E., Assoc.P.4H.E.E. 
Gault, A. E., DeanéP.Math. 
Hewitt, C. M., P.€H.Aero. 
Mundell, M. E., Asst.P.Gen.2Z. 
Siepert, A. F., DeanEd. 
Swaim, V. F., P.4H.Phys. 
Stainton, R. S., Assoc.P.Gen.E. 


Urbana 


University of Illinois 


Babbitt, H. E., P.8.E. 
Bauer, E. E., Asst.P.C.E. 

Brooks, M., Em.P.E.E. 

Brown, H. A., P.2#.E#. 

Casberg, C. H., P.M.E. 

Collins, W. L., Asst.P.T.€A.M. 
CoVan, J. P., Inst.M.E. 

Crossman, R. S8., Assoc.G.H.D. 

Dell, G. H., Asst:P.C.2. 

Dolan, T. J., Assoc.P.T.€A.M. 

Draffin, J. O., P.T.€A.M. 

Enger, M. L., D.€P.Mech.€Hyd. 
Ensign, N. E., Assoc.P.T.4A.M. 
Faucett, M. A., Asst.P.2£.E. 

Fellows, J. R., Asst.P.M.E. 

Goglia, M. J., Assoc.M.EF. 

Greffe, C. D., Inst.M.E. 

Hall, S. G., Asst.P.G.E.D. 

Ham, C. W., P.M.Des. 

Hayward, H. N., Asst.P.E.E. 

Henry, J. A., Inst.M.E. 

Hoelscher, R. P., P.G.E.D. 

Horn, H. W., Inst.2.2. 

Huntington, W. C., P.4H.C.2. 

Jones, P. G., Inst.Mech. 

Jordan, H. H., Assoc.D.4P.4H.G.E.D 
Jorgensen, A., Asst.P.G.E.D 

Keyes, D. B., P.4H.Ch.B. 

King, EB. E., P.R.C.2. 
Knight, A. R., P.2Z.2. 
Kraehenbuehl, J. O., P.B. 
Lansford, W. M., Asst.P. 
Larson, R. F., Asst.P.M. 
Lehmann, B. W., P.4H.A 


Miles, J. C., Assoc.M.E. 
Mohn, P. E., Assoc.P.M.E. 
Moore, H. F., P.Eng.Mat. 
Nicholson, H. P., Asst.P.Min.F. 
Oliver, W. A., Asat.P.C.E. 
Paine, BE. B.. P.€H.F.R. 
Pearson, J. E., Inst.G.2.D. 
Peirce, G. R., Inat.F.F. 
Pickels, G. W., P.C.E. 

Pierce, S. H., Assoc. G.E.D. 
Porter, F. M., Assoc.P.G.E2.D. 
Rayner, W. H., Assoc.P.0.H. 


i 


Ryan, D. G., Assoc.P.M.E. 
Schrader, H. J., Assoc.P.R.M.E. 
Schwarzlose, P. F., Inet.2.2. 
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Seely, F. B., P.4H.T.4A.M 
Severns, W. H., P.M.E. 
edd, T. C., P.Str.B. 
Smith, J. H., Inst.£.£. 
Smith, J. O., Inst.7.€A.M. 
Springer, C. H., Asst.P.G.Z.D. 
Starr, C. J., Assoc.M.F. 
Stewart, J. W., Asst.Min.2. 
eer, K. J., Asst.P.M.B. 
Tuthill, J. K., Assoc.P.R.B.E 
Tykociner, J. T., P.Z£.E. 
Vawter, J., P.O.B. 
Walker, L. D., Asst.P.G.E.D 
Weysser, J. L. G., Asst.P.Min.F 
Wiley, C., P.C.E. 
Willard, A. C., Pres. 
Wilson, W. M., P.St.E 
Young, B. G., P.R.M.E 
Wimington 
du Pont Powder Co. 
Mask, F. E. 
* INDIANA 
Anderson 


Smith, 8. R., R.RS 


Angola 
Tri State College 


Parrott, Alice A., P.€H.Engl. 
Shaw, C. E., Assoc.P.F4.E. 


Bloomington 


Indiana University 
Lester, O. C., P.Phys. 


Evansville 


Evansville College 
Marchant, G. B., Assoc.P.F.E. 


Gary 
Blickensderfer, H. 


Lafayette 


Purdue University 


Abbott, R. B., P.Phys.4H. 
Aitkenhead, Wm., P.¢H.Ag.B. 
Anderson, Smith 'S. R., R. R. 3 
Arnold, J. N., Asst.P.Dr. 
Ault, E. S., P.M.Des. 
Beck, L. E., Assoc.P.2.E. 
Beese, C. W., P.I.#. ;H.Gen.k. 
Binder, R. C., Assoc.P.M.E. 
Blalock, G C., Assoc.P.B.E. 
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Indiana 





Indiana 


Ss. P. E. E. 


Geiger, J. hg Asst.P.M.E. 
Gilbreth, L. P.Mgmt. 
Girvin, r “Koeed P.Ap.Mech. 
Greiner, . <: Assoc.P.Mod.Lang. 
Greve, BF. w., P.Hy.B. 
Hawkins, G. A., Assoc.P.M.E. 
Hockema, F. C., Asst.toPres. 
Howland, W. B., P.8.2. 
Jacklin, H. M., P.M.2#. 
Johnson, A. P., Asst.Dr.Per. 

. H., Asst.P.2.E 


2B. 
, Inst.C.k. 
Knapp, W. A., Asst.D. 
Knoll, H. B., Asst.P.Engl. 
Lark-Horovitz, K., P.€H.Phys. 
Leutwiler, R. W., Asst.P.M.E. 
Lindley, R. W., Assoc.P.Mech. 

inmel, G. E., P.Top.£. 

Lovell, C. L., peer ae-5. 


Ludy, L. V., P.B2.k. 

Meikle, G. S., Dir.Res.Rel.Ind. 
Messersmith, C. W., Assoc.P.M.L. 
Miller, E. C., Inst.Met.2. 

Miller, W. T., Assoc.P.M.E. 
Mock, C. O., I.Gen.#. 
Mueller, G. V., Assoc.P.H.E. 
Mundel, M. E., Asst.P.I.2. 
Munro, G. W., 
Owen, H. F., 
Petty, B. H., P.Hgh. E. 

Pigage, L. Cc. ig 

Poorman, A. P.. P.Mec 

Porsch, J. H., Assoc. P. oie. éDes.G. 
Potter, A. A., Dean 

Rising, J., P.€H.Dr. 

Ross, D. E., Set a 
Rubenkoenig, P me R.M.E. 
Rutledge, P. at -E. 

Sabbagh, E. Mi” ” Assoc.P.E. Ez. 
Sanders, T. K., Asst.P.M.E. 
Sanders, W. B., ar en. 
Serviss, F. L., P.Geo 

Sherman, G. W., are. P.Met.€Phys. 
Shreve, R. N., B.Ch E. 






Siskind, R. P., P.Z.EZ. 
Solberg, H. L., P.4€H.M.E. 
Springer, G. P., Assoc.P.C.E. 
Stitz, E. O., Inst.Ap.M. 

Ene ae 1% W., Inst.Dr 
Todd, M. W.,. Assoc.P.Top.E 
Fst Ray A . P.E.B. 
Trueblood, R. B., P.ShopPrac. 
Wendt, R. E., Inst. Foundry 
Wiley, R. B., P.4H.C.E. 
Wood, K. D., P.Aero. 


Wunderlee, J. L., Inst. Mech. 
Young, G. A., P.4H.M.E. 


Notre Dame 


Jniversity of Notre Dame 


Bolt, J. 


A., Asst.P.Aero.Eng. 
st gg F. M., 


N. P.4H.A.E. 
Buck, P., Asst. P. Dr. 
pone ‘J. A., P.B.E. 
Coffinberry, A. S., Asst.P.Met. 
Cc —, G. B., Assoc.P. Phy. 
Eery C. R., Assoc.P.M.E. 
Ellithorn, — 
Horan, 
Jackson, 
Mahin, B. | 
McCarthy, 
Milgram, 4 
Northcott, 


B Assoc.P.M.R. 


Rohrbach, 
, P.C.E. j;Act.D. 


Schubmehl, R. 
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Towa 


Shilts, W. L., P.4H.C.2. 
Smith, G. I., Asst.P.C.2. 
Stauder, L. F., Assoc.P.z.E. 
Stevason, C. C., Asst.P.Dr. 
Turner, W. W., Py § _— 
Wilcox, c = 

Wilhelm, B. a. Fiatoe PCM. 


Peru 
B. A., USNR 


South Bend 
Bendix Aviation Corp. 
MacLean, J. R., StressAnalyst 


Riley High School 
Webb, E. C., H.Eng.Dr. 


Shields, 


Terre Haute 


Rose Polytechnic Institute 
Fairbanks, H. V., Asst.P.Ch.E. 
Gray, H. C., Inst.M.Des. 
Hutchins, R. E., sures 0-5. 
Knight, 0. S.. Asst. P.Oh-i 
Knipmeyer, Cc. 
MacLean, 
Moench, H. 
Phelps, J. M., 
Prentice, D. B., Pres. 

Stock, O. L., P'Dr.dDes.G. 
Straw, J. Ftd Inst.Math. 
Strong, R. K., P.Ch.4Ch.2. 
White, John, Em.P.Ch.E. 
Wischmeyer, Carl, V.P.4P.M.L. 


Valparaiso 


McGill Mfg. Co. 


Cushman, P. A., Met.éTest.Eng. 


Valparaiso University 


Mallory, D. D., P.E. 
Moody, H. W., P.C.E. 
Whiting 
Standard Oil Co. 
Schaffner, R. M., ChE. 
IOWA 
Ames 


lowa State College 
Agg, T. R., Dean 


Ahiquist, R. W., Asst.P.2£.L. 
Anderson, H. W., P.Z.E. 

Arm, D. L., P.¢H.M.E. 

Ayers, Q. C., Assoc.P.Ag.E.éPat.Mgr. 
Beal, R. W., Inst.7.€A.M. 

Berkel, H. 3. Inst.C.h. 

Boast, W. B., Asst.P.E.D. 
Breckenridge, R. W., Asst.P.M.E. 
Brown, Aasoc.P.M.E. 


Cassell, Ww. & P.E.E. 

Caughey, R. A: P.St.E. 
Chamberlin, 8S. y ae Asst.P.T.€A.M. 
Cleghorn, M. P., P.€H.M.E. 
Coover, M. S., P.4H.H#.E. 
Dana, F. C., P.Gen.B. 
Davidson, J. B., P.4H.Ag.B. 
Dodd, C. M., P.4H.Cer.F. 
Dodds, J. S., P.C.H#. 
Dougherty, c. R., Inst.Dr. 
Fish, F. A., P.£ EB.b. 

Fitch, Ww. C., Inst. Dr. 


it 





Mgr. 
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es, 
Kimball, 
King, D. 


mer MES 


Lightburn, F. E., “Assoc.P.T.44.M. 
"Em.D. 


Marston, Anson, 


Miller, F. C., Assoc.P.Dr. 
Moyer, R. A., Res.P.C.2. 
Murphy, Glenn, P.T.4A.M. 
Murphy, L. oy, iy P.Mun.£. 


. ae .Dr. 
Paustian, R. a’ Asst.P.C.E. 
Peterson, A. C., Inst.Mech. 
Roudebush, R. E., Assoc.P.M.E. 


Ruth, B. F., P.Ch.B. 

Ryder, J. D., Assoc.P.E.E. 
Sherwood, R. S8., Inst.M.E. 
Smith, R. K., Inst.Eng.Dr 
Spinney, L. B., P.Phys. 
Stevens, D. S8., Pers. 
Stewart, L. O., P.4H.C.E. 
Stiles, W. B., Asst.P.7.4A.M. 
Stoever, H..J., Assoc.P.M.E. 
Sweeney, O. R., P.4H.Ch.E. 
Walkup, J. K., P.4H.Gen.F 
Webber, H. A., P.Ch.B. 
Whisler, B. A., Asst.P.C.E. 
Willis, B. S., Asst.P.B.2. 


Winfrey, R., Assoc.P.C.E. 
Woodrow, J. W. P.4H.Phys. 
Des Moines 


U. S. Rubber Co. 
Rhodes, T. J., Ch.Prod.Control 


Iowa City 


State University of Iowa 
Barnes, R. M., P.I.H#.;Dir.Per. 
Bartow, Ed., P.4H.Ch.€Ch.E. 


ft, H. O., P.4H.M 

Dawson. F. M., Dean 
Faith, W. L., P.4H.Ch.E£ 
Higbee, F. G., P.€H.Dr. 
Hinman, J. J., Assoc.P.San. 
Holmes, F. E., Asst.P.Mech sive 
Howe, J. W., P.€H.Mech.é 
Kalinski, A. A., Asst.P.C.E 
Kittredge, R. B., P.T' 
Kurtz, BE. B., P.4H.£.E 
Lambert, B. J., P.4H.0.E 
Lane, EB. W., P.Hyd.2. 
Looney, C. T. G., Asst.P.C.E 
O’Brien, A. V., Bu t.Mfg.Lab 
Olin, H. L., P.Ch.R. 
Posey, C. J., 4ss0c,P.Mech.¢Hyd 

eed, H. R., Assoc.P.2.2. 
Rietz, H. L., P.4H.Math. 
Russ, J. M., Assoc.P.Dr. 
Stewart, G. W., P.4€H.Phue. 
Ware, L. A., Assoc.P.H.E. 
Waterman. B. L., P.8.F. 


Wetzel, I. T., Asst.P.M.E. 


Mount Vernon 


Cornell College 
Davis, W. M., Asst.P.M.P. 


Sioux City 
Morningside College 
Gwinn, I. J., Asst.P-Phys. 


KANSAS 
Hays 
Ft. Hays State College 
Colyer, BE. E., P.4H.Math. 
Lawrence 


University of Kansas 
Beal, GMP E. ae F guersineszes EB. 
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. W., AgueaP C.£. 


rg? ee 
heat PELE. 
Wt Asst.P.Oh.B. 
ae P.Min.E.4Dr. 
, Asst.P.C.E. 
Asst.P.8.E. 
MB. 


Bra 


Clements, 
ensaee, 
Grider, ER. 
Haines, D. 
Hap. D. P. 
Hessler 





rats 





Kansas State College 
Brainard, B. B., P.M.Z. 
Carlson, Ww. W., P.dH. pReorres. 
Conrad, L. B., P.4H.C.2£ 
Crawford, W. W., Assoc P. C.E. 
Darlaad, a R. 4 P.Eng.M 





Asst.D. OP. M.Des. 
Farrell, F. D., Pres. 
Flinner, A. O., Asst.P.M.E 
razier, F., P.C.H. 


Greene, J. W., P.fH.Ch.E. 
Hanster, ia. P. a¥e Ez. 
Hunt, O. B. 





tM. 
‘aylor, D. C., "Assoc.P. Mech. 
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Kansas a? es 
Tripp, W., Assoc.P.M.E. 
White, L. V., Assoc.P.C.B. 


Wood, J. N., Assoc.P.M.Des. 


Winfield 


Southwestern College 
Albright, P. S., P.Phys. 


KENTUCKY 
Lexingtos 


University of Kentucky 
Bureau, E. A., P.¢4H.E.L. 
Chambers, A. he Asst.P.T.Mat. 
Cheek, F. J., P.Hyd.48.E. 
Graham, J. iH. "Dees 
Hawkins, R. D., P.Ap.Mech. 
Jett, C. C., P.M.Des. 

May, J. W., Assoc.P.H.4V. 
Nollau, L. E., P.€H.Dr. 
Terrell, D. V., Asst.Dean 
Walton, S. B., Assoc.P.M.E. 


Louisville 


University of Louisville 


Ayers, J. A., Assoc.P.Engl. 
Barnes, W. R., Inst.Ch.E. 
Bowmer, W. S., Inst.Engl. 
Ernst, R. C., P.€H.Ch.E. 
Fenwick, H. H., Assoc.P.Dr. 
Fife, S. T., 
Foss, R. J., 
Gall, W. R., Asst.P.M.E. 


Gossard, M. L., 3546 E. Fincastle Rd. 


Harding, G. H., Asst.P.0.E. 
Houchens, J. M., Coord. 

Koch, Ruth L., Cashier 
Litkenhous, EB. B., Assoc.P.Ch.E£. 
Simester, J. H., Assoc.P.Math. 
Wendt, W. B., 'P.C.B. 
Wilkinson, F. L., DeanéP.M.E. 
Williams, G. C., Assoc.P.Ch.E. 


LOUISIANA 
Lafayette 


Louisiana Institute 


Hughes, G. G., Dean 
Kindig, C. H., P.C.H. 
Mason, H. R., P.E.E. 


Mandeville 
Anderson, D. S., Em.Dean 


New Orleans 


Tulane University 

Dunlap, A. L., Assoc.P.M.E. 
Elliott, D. S., P.Phys. 

Fox, F. H., Assoc.P.C.E. 
Hansen, H. J., Inst.Eaop.B. 
Hill, A. M., Assoc.P.M.F. 
Mayer, J. K., Assoc.P.¢H.Ee.2. 
Norris, C. B., Asat.P.E.F. 
Pollard, J. J., Inst.Dr.¢Gen.B. 
Ricker, C. W., P.4H.B.L£. 
Robert, J. M., Dean 

Scofield, W. F., Inst.0 z. 
Stephan, BE. R. "Asst. P.M 

Taylor, F. M., Asst.P.C 
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Ruston 


La. Polytechnic Institute 
Bo; ae, B. T., Asst.P.M.E. 
Fol Rw Assoc.P.M.E. 
MeFarland’ R. A., P.C.E. 
Mitchell, W. L.. DeanéP.M.E. 
Nethen, "H. J., P.4€dH.H.E. 
Sessums, R. T., Dean 
Watts, C. T., Asst.P.C.B. 


Scotlandville 


Southern University 
Daniels, W. T., Dir.Mech.Arts 


University 


State University of Louisiana 
Coates, J., Asst.P.Ch.B. 
Cook, R. M., Asst.P.Mech. 
Cooper, L. z.. P.4H.Dr. 
, PB. Mech.d4Hyd. 
P.4H.Pet.#. 
Dixon, D. P., P.Dr. 
Horton, P. M., P.4€H.Ch.B. 
Lassalle, L. wy DeanéP.Mech. 
Matthes, G. E., Assoc.P.M.E. 
Pillet, F. F., P.C.2. 
Simon, G. H. a end P.M.E. 
Voorhies, M. B., P.E.E. 
Waterfall, H. W., Asst.D.P.4H.M.E. 
Whipple, W., P.St.E. 


MAINE 


Orono 


University of Maine 
Barrows, W. E., P.Z.2. 
Bennett, C. E., P.4H.Phys. 
Bennett, E. F., Asst.P.C.H. 
Bliss, W. H., Asst.P.H.E. 
Boardman, H. S., Pres.Em. 
Bradt, W. E., P.€H.Ch.4Ch.£. 
Brautlecht, C. A., P.Ch.€Ch.E. 
Brewer, E. L., Inst.Chem. 
Cloke, Paul, Dean 
Crabtree, K. G., Asst.P.M.E. 
Creamer, W. J., P.Z.E. 
Douglass, I. B., Assoc.P.Chem. 
Evans, W. S., P.€H.C.E. 
Hill. A S., P.F.E. 
Kent, B. C., P.Dr. 
Lekberg. i. P., Inst.M.E. 
MeNeary, M., Inst.Dr. 
Prageman, I. H., Assoc.P.M.E. 
Ryckman, 8. J., Inst.0.E. 
Sawyer, R. A., "Asst.P.Dr. 
Scamman, W. F., Assoc.P.Engl. 
Taylor, F. M., Inst.C.B. 
Watson, 
Wilson, N. E., "Inst BB. 


Waterville 


Colby College 
Wheeler, N. E., P.Phys. 


MARYLAND 
Annapolis 


U. 8S. Naval Academy 
Gray, J. C., P.Chem. 
Hydeman, W. R., Inst. 
Kavanaugh, P.M.F. 
Kells, L. M., Assoc.P.Math. 
Kiefer, P. it P.M.E. 

Root, R. B., P.Math.éMech. 





Maryland 








Terwilliger, C. O., P.4H.E.E£. 
Turner, R. 
Weems, P. Vv. Lt. Comdr. 


Baltimore 
Merrick, C. M., Glenn Martin Co. 


Pres. 


Johns Hopkins University 


Christie, A. G., P.M.H. 

Geyer, J. C., Assoc.C.H. 
Kouwenhoven, W. B., DeandP.E.E. 
Potter, J. H., Inst.M. B. 

Pullen, M. W.. pm F.E. 
Thompson, J. T., P.C.E. 

Wolman, Abel, P. z. z. 


College Park 


University of Maryland 
Allen, R. B., peers.-t 2. BE. 
Corcoran, GF oie €H.2.E. 
Creese, M., 
Green, W. ‘p. a noe.P.M.E. 
Hebrank, BE. F., Inst.M.B. 
Hodgins, L. thy Assoc.P.E£.E. 
Huckert, J. W., Assoc.P.M.E. 
Steinberg, S. S., Dean 
Younger, J. E., P.€H.M.E#. 


Easton 
Tilghman, H., Counselor-at-Law 





Sparrows Point 


Bethlehem Steel Co. 
Lane, D. F., Sup.Appren. 


MASSACHUSETTS 


Amherst 


Massachusetts State College 
Marston, G. A., Asst.P.C.B. 


Belmont 
Senior High School 
Bettencourt, W., Dir.M.Dr. 


Boston 
Barrows, H. K., 6 Beacon St., Cons. 


Eng. 
Bass,” L. W., N. EB. Indus. Res. Found., 
Cole, R "R. Stone & Webster Co., Dr. 


ing. 
Keith, W. E., New England T. & T. 
} Co., ent: toV.P, 





Main, C. T., Main Co., Pres. 

Moyer, J. 9 Mass. Dept. of Educa- 
tion, Dir. 

Temple, BE. H., Mechanic Arts High 
School, Inet.Pr. 

vos, — Holtzer Cabot Blec. Co., 
ev on 

Whipple, G. F., Ponder Inst., Ed. Dir. 


Boston College 
Gager, F. M., Assoc.P.Phys. 


Franklin Union 
Adams, R. ¢- 
Russell, J. J., H.Chem. 
Thorogood, B. K., Dir. 








Maryland 8. P. E. E. MEMBERSHIP LIST 


Walls, J. A., Pa. Water & Power Co., 


Dahl. G. © Jackson & Moreland’ Co., 





Massachusetts 


Lincoln Technical Institute 


Lees, J. W., Dean 


Northeastern University 


Alexander, W. T., Asst.P.JI.E. 
Bailey, W. S., Asst.P.M.B. 
Baker, C. P., P.4H.Ch.E. 
Cleveland, L. F., Assoc.P.2.2. 
or, 3 us. 
Devine, ., Asst.P.Dr. 

Ell, Carl g: ” President 
Essigmann, M. W.. Inst.2.2. 


Everett, A. E., Coord. 
Ferretti, i ig 2 » P.M.E. 
Gramstorf, EB. A., P.4H.C.E. 


Granong, Ww. L., Inst.1.E. 
Haskins, BE. E., *Assoc.P.Math. 
Henderson, F. R., Asst.P.1.E. 
Johnson, c. D., ‘Asst.P.Phys. 
Lake, W. S., P.£co.€Dean 
Melvin, H. W.. DeanéP.FEngl. 
Meserve, Sa Rie Assoc.P.Dr. 
werent, J. ‘Coord. 

Muc ee "Cc. F., P.4H.Phys. 


Nightingale. | E., Dir. Coop. 
pastes, 6. P.4H.E.B. 
ley, J. a a, eg: £P.Geol, 
chards, H. Sooe. P.E.E. 


aoe, Jos., pit Math 
Stearns, “* A. Assoc.P.M.E. 
Towle, G. W "4ssoc.P.Coord. 
Tozer, B. F., P.¢H.Dr. 
White, Myra, Lib. 

White, W. C., Dean 
Whittaker, A. 

Wolowicz, C. H., Inst.M.E. 
Zeller, J. W., P P.4H ME. 
Zuffanti, S., Asst.P.Ch. 


U. 8S. Diesel Eng. School 


Huckle, M. 8., Pres. 


Wentworth Institute 


Banks, C. W., Raf: Set 
Edwards, W. W oe; -SteamE. 
aw gg E. D..’ P.4H.Mech. 
Knight, R. M., Inst.Math. 
Knowles, M. G.. Inat. Ap.Scei. 
Rice, H. . Ini.Math. 
Toporeck, E o oo, 


Tudbury, c. P.4H.Math. 
Willson, F. Pid "P.aH. Ap.Elec. 
Cambridge 


Wilson, F. W., Wilson Eng. Corp., Pres. 


Harvard University 


Bagley, J. W., Lect.Geog. 
Berry, C. H., ’P.M.E. 

Casagrande, A., Assoc.P.C.E. 
Cobine, J. D., Asst.P.E.E. 

Dawes, C. L., Assoc.P.E.E. 

Fair, G. M., P.8. 

Haertlein, * P.C.E. 

Record, F. = Res.Assoc. 
Walker, E. A., Spec.Res. Assoc. 
Westergaard, H. M., DeanéP.C.2. 


Massachusetts Institute of Technology 


Adams, D. P., Inst.Gr. 
Babeock, J. B.. P.R.R. 

Balshaugh, J. os fot P.F1.Proad.€@Dis. 
Bartlett, H. P.4H.Engl.éHist. 
Bennett, R. Be P.RUMeas. 

Bowles, BE. L., P.El.Com. 

Breed. C. B., P.4H.0.48.8. 
Buckingham. B., P.M.E. 

Bunker, J. W. M., Dean,Grad.Sch. 
Camp, T. R., Assoc.P.8.B. 














Massachusetts Ss. P. E. EB. 


Coemsbertatn, M., Libr. 
Chapman, L. B., P.Marinel. 
eens. K. , Pres 
Crout, D., Asst.P. P ifath. 
Dawes, . 2 M., Asst.P.2.E. 
Dietz, ‘A. G., Asst.P. a. BE. 
Douglas, R. D., P.Mat 
Eames, J. J., Assoc.P. vA Zz. 
Frazier, R. ii. Assoc.P.H.E. 
Fuller, C. E., P.2Bm. 
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a P.4H.E.E. 
. dD. Res.Assoc.M.E. 
BE fesse. P.Top.2. 


Ca: tsi iCorps 
” Aewee. P Heat ~B. 


- P.M.H 
Keith, H. W., H.N.Arch.&éMar.E. 
Killian. 3 R., Bavec.Asst.toPres. 
Kingsley, C., Asst. P.H.E. 
Kyle, P. 5. Asst.P.M.B. 
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Magoun, 5. 
McAdams, W. H., P.Ch.E. 


Mitsch, J. D., Assoc.P.C.E. 


Moreland, EB. L., Dean 
Nicholson, N. N., Libr. 
Norton, F. H., Assoc.P.Cer. 
Park, C. F., Bm.P. 

Phillips, . &” P.4H.Math. 
Prescott, "P.Em 


Reynolds, 3 a Assoc.P. Hyd. 
Robbins, A. G., ’P. Top.£. 

Rule, J. T., Assoc.P.Dr. 

Schell, E. H.. Bus.€E#ng.Ad. 
Schuhmann, R., Asst.P.Min.Dr. 
Seaver, H. L., P.History 
Seaver, W. N., Librarian 
Sloane, Alvin, 9 ry il 
Smith, R. H., P.A 

Staley, H. ; ieee Bldg. Cons. 
Svenson, C. yh Assoc.P.HeatE. 
Swett, G. W., P.M.Des. 

Taft, T. H., Assoc.P.HeatEk. 
Taylor, D. W., 5 See 


oilMech. 
Thresher, B. Dir.Ad.dAssoc.P.Ed. 


Timbie, W. ‘H “P.E.B.déInd.Prac. 
Townsend, ; Assoc.P.M.E. 
Tucker, C. i, P.E.E. 

Voss, W. C., P. eit Bldg.Const. 
Wilbur, J. B., Assoc.P.C.E. 
Wildes, K. “ee Assoc.P.F.E. 
Wood, J. A., Asst.P.E.E. 

Zeldin, S. D., Asst.P.Math. 


Dedham 
Williston, A. L., Bm.Dir. 
Hyannis 


School of Science 


Miller, W. B., Director 


Lynn 


General Electric Co. 


Rohr, E. K. 











MEMBERSHIP LIST Massachusetts 


Medford 
Tufts College 


Barnes, J. L., Ch.Math. 
Burden, H. P., D.4&P.8.E. 
Chase, C. H., "P.SteamB.Em. 
Crabtree, F. H., Asst.P.C.E. 
Farnham, W. B., P.Dr. 
Fisher, D. A., Asst.P.M.E. 
Harrington, R. L., Inst.M.E. 
Holmberg, C. H., Asst.P.C.E 
Howell, A. H., Ch.Zz.2. 
Lefavour, R. W., Asst.P.C.E. 
Leighton, A. W., Assoc.P.Dr. 
Littleton, BE. F., Asst.P.C.E. 
MacNaughton, BH., P.M.E. 
Othmer, M. E., Assoc.P.Ch.E. 
Rollins, B. B., P.£.E. 

Smith, O. J., Inst.#.£. 
Smith, R. A., Inst.M.E. 
Weaver, F. N., P.C.EZ. 
Webster, F. N., Inat.M.E. 


Quincy 
Quincy Trade School 
O'Rourke, F. J., Inst. 


Waltham 
Raytheon Mfg. Co. 
Stiefel, K. J. 


West Roxbury 
Allen, C. Frank, 2m.P. 


Worcester 
Worcester Polytechnic Institute 


Adams, C. J., ry — 
Adams, F. J., 

Allen, C. M., ‘pit 

Atwood, L. Te o vein ittet. Leng. 
Brown, EB. C.. Asst.P.Math. 
Chamberlain, J. B., Inst.M.B. 
Downing, D. G., Asst.P.M.E.E. 
Dows, H. W., P.M M.E. 

Fillion, 8. H., Asst.P. ae Zz. 
French, A. W., Em.P. 

Gay, H. J. P.Math. 

Graves, H. E., P.Ch.z. 

Holt, A. H., P.4H.0.B. 





Locke, W. W., Asst.P..E. 
Maxfield, H. A., 
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Meyer, C. F., P.O.H. 
Morgan, T. H., P.4H.2.2 
Morley, R. K., P.Math 
Newell, H. H., P.2.2. 
Petrie, J. M., Asst.P.Ch.E 
Pierce, C. A., P.2.E. 


t 
Schwieger, A. J. P.4H.Eo. 
Siegfried, V., Asst.P.M.B. 
Staples, A. pal Asst.P.M.E. 
Waltham Raythean Mfg. Co. 
Wellman, B. L., Asst.P.M.2Z. 
Whenman, J. H., Asst.P.M.E. 
Wilson, EB. D., P.€H.Chem.éCh.2. 

















Michigan 





MICHIGAN 


Ann Arbor 
University of Michigan 


Adams, H. C., Asst.P.Nav.Arch. 
Attwood, 8. 8., P.#.2. 


Baier, L. A., Assoc.P.Nav.Arch.¢Mar. 


Bailey, B. F., P.4H.E.E. 
Baker, B. M., P.Ch.z. 
Boston, O. W., P.€Dir.Met.Proc. 


Bouchard, Harry, Assoc.P.Geod.dS8ur. 


Bowman, D. O., Inst.Eco. 


Brandt, C. G.,-P.€H.Engl. 

Brater, EB. F., Asst.P.C.2. 

Brown, G. G., P.€H.Ch.2. 
Bukovsky, P. N., Asst.P.Mech.€Dr. 
Burkland, C. E., P.Engl. 

Bursley, A., DeanéP.M.E 


J. A 
Calhoon, F. N., Asst.P.M.#. 
Cannon, J. H., P.#.2. 

Carey, C. O., Assoc.P.C.H. 

Conlon, E W., Assoc.P.Aer.E. 
Cooley, M. E., Em.Dean ;Cons.Eng. 
Crawford, I. C., Dean ;P.0.E. 


Dodge, R. A., P.Mech, 
Dow, w.G , Assoc.P.E.E 
Emery, K , Fell.z.E 


. G. .E.E. 
Emmons, W. J., Assoc.P.Hgh.E. 
Eriksen, B. L., P.Mech. 

Everett, F. L., Asst.P.Mech. 
Finch, F. R., Assoc.P.Mech.éDr. 


Gram, L. M., P.C.R. 


. 8., HME. 
Higbie, H. H., P.Z.B. 
Hoad, W. C., P.0.2. 
Holland, L. N., Asst.P.2.E. 
Housel, W. 8., Assoc.P.C.E. 
Keeler, H. E., P.M.2. 
Kohler, H. L., Asst.P.M.E. 
Kuethe, A. M., Assoc.P.Aero.E 
Lay, W. E., P.M.E. 
Liddicoat, R. T., Asst.P.Mech. 
Lloyd, H. R., Assoc.P.M.2. 
Lovell, A. it, Asst.Dean ;Sec. ;P.2.P. 
Marin, A., Assoc.P.M.E. 
Maugh, L. C., Aset.P.C.E. 
McFarlan, H. T., Asst.P.0.2 
Miller, H. W., P.Mech.€Dr 
Moore, A. D., P.#.E. 
Morrison, R. L., P.Hgh.F. 
Nickelsen, J. M., P.M.EZ. 
Olmsted, C. F., Assoc.P.Mech 
Ormondroyd, J., P.Mech. 
Pettyjohn, EB. §., Assoc.P.Oh.2 
Porter, R. C., Asst.P.H-—P.E. 
Riegel, J. W., P.I.Rel. 
Sadler, W. C., Assoc.P.0.2. 
Schneidewind, R., Assoc.P.Ch.éMet. 
Schwartz, F. L., Asst.P.M.E. 
Sherlock, R. H., P.C.E. 
Smith, F. H., Asst.P.Dr. 
Spindler, W. A., Asst.P.Met.Proc. 
Stalker, BE. A., P.€H.Aer. 
Stout, M. B., Assoo.P.2.2. 
Thornton, J. B., Assoc.P.Engl. 
Upthegrove, C., P.Met.B. 
Van den Broek, J. A., P.Mech. 
Vincent, E. T., P.M.E. 
Watson, H. J., Asst.P.M.E. 
White, A. E., P.Met.z.,Dir. 
White, A. H., P.Ch.2. 
Worley. J. S.. P.Trans.F. 
Young, E., Asst.P.C.2. 


Bay City 
Culver, E. G. 
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Dearborn 


Ford Industrial Schools 
Searle, F. E., Supt. 


Detroit 
Hall, C. A., Ethyl Co: 


rp. 
aan, K. A., Gen. Motors Corp., Dir. 
Tr. 
Swartz, B. K., Edison C., Sup.Per. 
Res. 


Chrysler Institute of Engineering 
Caton, J. J., Director 


Detroit Institute of Technology 
Winn, C. C., Dean 


Lawrence Institute of Technology 
Brewington, G. P., P.€4H.Phys. 


University of Detroit 


Blakeslee, B. N., P.Arch.B. 
Blakeslee, L. R., Asst.P.Arch.E£ 
Blenkush, P. G., Inst.Aero. 
Chaderton, J. C., Inst.C.2. 
Dowling, E. J., Inst.D. 
Duncombe, C. G., P.4H.Ch.B. 
Floyd, C., Inst.M.E. 

Freund, ¢. J., Dean 


P. 
Gudebski, H. C., Inst.Met. 
Hanson, T. C., Asst.P.C.2. 
H ns, G. J., Assoc.P.Aer.E 
Hoffman, P. C., Inst.Dr. 
Johnson, R. R., Ind. 
Judson, W. J., I 
Lingeman, C. A., Inst. 9 ® 
Linsenmeyer, F. J., D .B. 
Markle, E., Inst.Math 
Mayrose, H. £., P.Mec 
Pierson, W. N., oe 


Wayne University 


Alliason, A. R., P.€H.#.E. 
Borgman, W. M., Asst.P.Math. 
Carr, A. R., Dean 

Hess, H. M., Asst.P.H.E. 
Lindeman, M. F., Asst.P.C.E. 
Nelson, A. L., P.4H.Math. 
Newton, D., Assoc.P.4H.0.E. 
Northrup R. T., P.4H.Dr. 
Osborne, D. S., Inst.Eng. 
Perkins, D. L., P.4H.M.E. 
Schoonover, R. H., P.Mech. 


East Lansing 
Michigan State College 
Allen, Chester, P.€H.C.E. 
Baccus, I. B., Assoc.P.E.E. 


Brattin, C, L., P.4H.Dr. 
Cade, C. M., P.C.E. 


PB rests BT I OO . 











Gaffney, B. J., Inst.Ch.E. 
cooense R. 

Gow A. H., Asst.P.Ch.E. 
Hitchcock, W. W., Asst.P.0.E. 
Kinney, E. E., Assoc.P.E.E. 
Larian, M. G., Assoc.P.Ch.E. 


Ludt, W., “Asst.P.Ch.E. 
McGrady, D. D., Asst.P.Ch.E 
McKibben, B. G., P.4H.Ag.B 
Miller, ‘ A., Asst.P.C.E. 
Miller, 1 . G., P.4€H.M.E. 
 & Asst.P.Oh.E. 
Plant, L C., P.€H.Math. 


Pratt, &. M., Asst.P.Dr. 
Price, L. Cc. Assoc.P.M.E. 
Radford, 8S. S., Inst.Dr. 
Reuling, W. E., Assoc.P.M.E. 
Rix, C. N., Assoc.P.M.E. 
Robertson, J. B., Asst.P.Dr. 
Stewart, E. H., Asst.P.Dr. 
Theroux, F. R., Assoc.P.0.2. 


Flint 


General Motors Inst. Tech. ° 


Brown, C. A., P.€H.Engl. 
Sobey, Albert, Dir. 
Spahr, R. H., Dir.Cur. 


Grand Rapids 


Junior College 
White, R. A., P.€H.Eng. 


Houghton 
Michigan College of M. & T. 


Baxter, C. H., P.4H.C.€Min.£.éEc. 


Carson, C. M., P.€H.Ch.€Ch.E. 
Cartland, F. W., Asst.P.£.E. 
Dillman, G. C., President 
Drier, R. W., Assoc.P.Met. 
Eddy, C. T., Assoc.P.Met. 
Fisher, James, Dean 

Knaebel, C. H., Asst.P.Math. 
Larsen, M. q- Asst.P.E.E. 
Machwart, G. M., or 4 Ch.B. 
Manderfield, N. H., 


Partlo, F. L., yn yy &Phys. 
Polkinghorne. W. C., Assoc.P.C.E. 


Risteen, H. W., Assoc.P.M.E 
Rose, L. A., P.€H.Lang. 

Russell, C., Assoc.P.H.E. 
Swenson, G. W., P.€H.F.E. 
Wood, Ella L., P.€H.Geog.€Lang. 
Young, A. P., Assoc.P.M.E. 


Jackson 


Foote, J. H., Commonwealth & So. 


Corp., Sup.Eng. 
Muskegon 


Kaydon Eng. Co. 
Haga, L. J., Met. 


MINNESOTA 


Duluth 


Junior College 
Strane, A. J., Inst.€H.Math. 


Minneapolis 


University of Minnesota 
Akerman, J. D., P.¢H.Aer.2. 
Algren, A. B., Assoc.P.M.E. 
Andersen, Paul, Asst.P.Str.B. 
Bass, Fred, P.4H.0.2 
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Mississippi 


Boon, Leonard, Asst.P.0.£. 

Boss, Wm., Emer.P. 

Brinker, R. C., Asst.P.Str.B. 

Brooke, W. E., P.€H.Math.Mech.Dr. 

Bryant, J. M., P.4H.F.F. 

Caverley, L. C., Aast.P.B.E. 

Comstock, E. H., P.Min. 

Crowder, B. A., Inst. 

Cutler, A. S., P.Rly.B. 

Doeringsfeld, H. A., Asst.P.Math.d 
Mec 

DuPriest, J. R., P.4H.M.E. 

Eggers, H. 3 "T., Assoc.P.Dr.€Des.G. 

Filipetti, G. P.Ec.&B.A. < 

French, R. w. P.Dr.€Des.G. 

Guthrie, L. O., Inst.Engl. 

Hartig, H. E., P.Com.2£. 

Herrick, C. A., Assoc.P.Math.éMech. 

Holtby, F., 4a. P.M.E. 

Johnson, E. Assoc.P.E.Powerl. 

Koepke, C. ie ‘Ad. Asst. 

KuhIman, J. i, Assoc.P.Elec.Des. 

Laitala, E., Inst.M.H. 

Leland, O. M., Dean of Adm. 

Lind, S. C., Dean 

Mann, C. A., P.€H.Ch.2. 

Martenis, J. V. 8., Assoc.P.M.Des. 

Miller, F. E., Asst.P.Math.éMech. 

Montillon, G. H., P.Ch.E. 

Myers, H. D., Assoc.P.Dr.€Des.G. 

Palmer, H. K., Inst.M.E. 

Parker, W. H., P.Min. 

Peterson, F. G. E., Inst.Mech. 

Potter, O. W., Asst.P.Dr.€Des.G. 

Priester, G. C., P.Mat.Eng. 

Quaid, L. J., Inst.Dr.€Des.G. 

Robertson, B. J., P.M.Eng. 

Rowley, F. B., P.€H.M.E£. 

Schuck, R. F.; Asst.P.Dr.€Des.G. 

Shoop, C. F., P.€H.SteamE. 

Straub, L. G., P.Hyd. 

Summers, R. E., Assoc.P.M.E. 

Todd, M. E., Asst.P.«.PowerE. 

Zelner, O. S., Assoc.P.Sur. 


Northfield 


Carleton College 


Abbott, W. H., Assoc.P.Phys. 


St. Paul 


University of Minnesota 


Roe, H. B., P.€H.Ag.E. 

Schwantes, A. J., Chief,Ag.B. 

White, H. B., Asst.P.Ag.E. 
MISSISSIPPI 
State College 


Mississippi State College 


Freeman, M. L., P.€H.Dr. 
Lucas, FE. L., P.M.E£. 

McCain, D. M., P.€H.0.E. 
Neal, H. P., Assoc.P.Eng.Dr. 
Patterson, L. L., Dean,€P.F.E 
Phelps, G. O., Assoc.P.M.E. 
Simrall, H. C., Asst.P.2.E. 


University 


University of Mississippi 


Hargis, A. B., Sup.Fng. ;P.C.P. 
Hume, Alfred, Act.Chan. 
Johnson, L. H., Dean€P.C.E. 
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Missouri Ss. P. E. E. MEMBERSHIP LIST 
MISSOURI MONTANA 
Columbia Bozeman 


University of Missouri 


Burr, A. H., Asst.P.M.E. 
Comins, H. D., Asst.P.C.2. 
Curtis, H. A., Dean 
Gillan, G. K., Inst.C.2. 
Gray, EB. S., Assoc.P.M.E. 
Holmes, W. W., Inst.C.2. 
Lamb, J. F., Asst.P.2.E. 
LaRue, H. A., Assoc.P.C.E. 
Lorah, J. R., "Assoc.P.Ch.E. 
Luebbers, R. H., Asst.P.Ch.E. 
Porter, D. J., Asst.P.Ch.E. 

Rubey, Harry, P.€H.C.E£. 

Vaile, R. B., Asst.P.E.E. 
Waidelich, D. L., Asst.P.2.F. 
Wallis, C. M., Assoc.P.Z.E. 
Weinbach, M. P., P.Z.E£. 
Wharton, J. R., Assoc.P.M.E. 
Winterkorn, H: F., Assoc.P.Mech. 
Wood, H. W., P.C EB. 

Wooley, J. Cc, P.Ag.E. 


Jefferson City 


Lincoln University 
Roberts, E. G., Asst.P.M.Arts 


Kansas City 


Doll, Theo., 4940 Westwood Rd., Str.Z. 


Rolla 


School of Mines & Metllurgy 
Butler, J. B., P.C.2. 
Carlton, E. W., P.Str.F. 
Conrad, F. *, ee P.Ch.E. 


Copeland, R. Lt. Col.,Repl.Center 
Frame, F. H. - v.E. 

Livingood, M. D., Inst.Ch.E. 

Lovett, I. H., 


Mann, C. V., ’ p.aH. Dr. 

Noble, G. W., Assoc.P.Pet.E. 
Schrenk, W. T., P.4H.Ch.&0h.E. 
Vander Velde, T. L., Asst.P.8S.2. 
Wilson, C. L., Dean 


St. Louis 


Hannaford, E. S., A. T. & T. Co., 


Staff Asst. 
Herrick, T. J., McDonnell Air. Co. 
Short, R. L., Prin.AshlandSchool 
Shreve, D. R., McDonnell Air. Co. 
Siroky, E., Curtiss-Wright Corp. 


Washington University 


Ball, T. R., Assoe.P.Ch. 

Bebie, Jules, P.Ch. : 

Berger, F. A., P.M 

Bockhorst, R. W., “Inst. Math. 
Brust, A. W., Assoc.P.C.H. 
Bubb, F. w.. P.Math. 

Buchan, A. M., Asst.P.Engl. 
Fischer, D. A., Inst.F2.E. 

Fitch, A. E., Assoc.P.Arch.Cons. 
Glasgow, R. S., P.€H.E.E. 
Hubler, J. W., Asst.P.C.E2. 
Koenig, L. R., Aasat.P.Ch.€Ch.2. 
Langsdorf, A. S., Dean 

Sager, B. H., sorte a 
Sweetser, E. O., tee 

Van Ornum, J. L., Em.P. 

Van Wambeck, 8. nH oe P.E.LE. 


Montana State College 
Challender, R. T., P.Gen.B. 
Cobleigh, W. M., Act.Pres. 
Conkling. L. D., 


Fiedler, G. J., Assoc.P.E.E. 
Gibbs, R. E., P.4HM B. 

Good R., P.d é 
Seaman F. G. E “Asst.P.C.E. 
Schilling, E. W., P.4H.2.E. 
Tallman, W. D., P.Math. 


Butte 
Montana School of Mines 
Thomson, F. A., Pres. 


Havre 
Northern Montana College 
Pearce, F. W., Asst.P.Eng. 


NEBRASKA 


Lincoln 
Western Laboratories 
Green, R. M., Pres.éMgr. 


University of Nebraska 


Aakhus, T., Asst.P.Dr. 
Barnard, N. H., Assoc.P.M.E.E. 
Bengtson, N. a Dean,Jr.Div. 
Bingham, L. A., Asst.P.#.E. 
Brackett, EB. E., P.€H.Ag.&. 
Brenke, W. C., ‘P.4H.Math. 
Cecil, J. B., Inst.Mech. 

2 re 
Vo P.4H.Mech. 


Edgecomb, R. E., Inst.Mech. 
Edison, O. E., Assoc.P.B.E. 
Evinger, M. I., P.C.Z. 
Ferguson, O. J. Deané€P.F.F. 
Gaba, M. G., P.Math. 

Grone, E. A., Assoc.P.Mech. 
Haney, J. W., P.€H.M.E. 
Harkness, D. H., Asat.P.C.E. 
Hollister, v b, *P.B.E. 
Kesner, H. P.C.E. 

pe = ol 5 K., Inat.M.E. 
Luebs, A. a. Asaoc.P.M.F. 
Marmo, E. J., Asst.P.Mech. 
Mickey, C. rn P.4H.C.E. 
Norris. F. W.. Assoe.P.2.2. 
Paustian, J., Inst.Mech. 
Richmond, R. F., Axat.Test.F. 
Runge, L. L., Asst.P.Math. 
Schramm, EF. F., P.€H.Geo!l. 
Slaymaker, P. K.. P.M.Dea. 
Smith, T. T., P.Phya. 
Weiland, W. F.. Assoc.P.M.F. 
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Omaha 


Lambert, L. C., Telephone Co., Asst. 


toPres. 


University of Omaha 
Kurtz, J. W., Head,Eng. 


NEVADA 
Reno 


University of Nevada 


Bixby, F. L., H.0.2. 
Carpenter, J. A., Dir.éP.Min. 
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Palmer, 8S. G., D.€H.H.E. 
Sandorf, I. 33 Assoc.éP.E.E. 
Van Dyke, J ies Assoc.P.M.E. 


NEW HAMPSHIRE 


Dover 


Industrial Research Service 
Lavine, I., Sec.Treas. 


Durham 
University of New Hampshire 
Bowler, E. W., P.4H.C.Z. 
Cc. G. W., Dean 
BE. T., Asst.P.M.E. 
Inst.2.B. 
D. 8., Res.P.1.£. 
L., Asst.PJI.B. 
Getchell, E. i ‘Assoc.P.M.E. 
L. W., P.E.E 


Hitchcock, + P.E.B. 
Jackson, F. D., Assoc.P.2.E. 
Kauppinen, T. 8., Inst.M.E. 
Nulsen, W. B., pe o- 
Nye, BE. P., Inst..M.2. 

. R., Assoc. P.O.E. 

° 'P.4H.Math. 

Assoc.P.Math. 
Stolworthy, E. H., Asst.P.M.EF. 
Tonkin, J. C., Inst.M.F. 
Zimmerman, 0. T., P.Ch.E. 


Hanover 
Dartmouth College 

Bristol, R. A., Sec.-Libr. 
Brown, E. S8., Asst.P.C.E. 
Edgar, K. K., Asst.P.JI.E. 
Ermenc, J. J., ye 
Garran, F. W., DeanéP.C.E 
Kimball, W. P., P.CH. 
Knights, F. J., Asst.P.I.F. 
Metcalf, A. H., Libr. 
Minnich, J. H., Asst.P.O.E. 
Morgan, M. G., Inst.z.2. 
Schutz, H., Inst.PowerE. 


NEW JERSEY 


Bloomfield 
Laning, W. A., W. E. & M. Co. 
Burlington 
Mott, W. E., 2m.Dean 


Caldwell 
Ferris, D. F., Curtiss Wright Co. 


Schulte, W. C., Curtis Wright Co. 


Camden 
RCA Mfg. Co. 
Aiken, C. C., Dir.Tr. 


East Orange 
Baker, E. D., Pres.Halated Co. 


Hoboken 


Stevens Institute of Technology 
Backer, L. H., Assoc.P.Ch. 
Barnwell, G. W.,P.Prod.Prac. 
Creese, James, V.P.¢Treas. 
Davis, H. N., Pres. 

Ennis, W. D., P.Ec.Eng. 
Furman, F. D., DeanEm. 
Halliday, W. R., P.M.Des. 


New Jersey 


Hawkes, J. B., Assoc.P.Phys. 
Hazeltine, Alan F., P.Phys. 

Memory, N. H., Dir.Adm. 

O'Connor, J., Dir.HumanEng.Lab. 
Reeks, M. R., Asst.P.Math. 

Snader, D. ; P.C.E. 

Stempel, W. M., Asst.P.Phys. 
Stockwell, F. C., P.2.2.,D.,Grad.8ch. 


Jersey City 
Sperry Gyroscope Co. 
Weir, J. J., Inst. 





Kearney 


Western Electric Co. 
Searles, C. L., Ch.ofTr. 


Montclair 
Jacobus, D. S., 98 Harrison Ave. 


Newark 
a W. K., Ford, Bacon & Davis, 


Newark College of Engineering 
Albert, Odd., Asst.P.Str.B. 
E. G., Assoc.P.Math. 
1s? > eee 


Cullimore, A. R., Pres. 
Cummings, H. N., ty tg 
Davis, D. Asst.P.M.E. 
Devor, E. 5 a ” Inst.1.E. 
Entwisle, F. N., P.€H.Phys. 
in Asst.P. * 


Jordan, W., Asst.P.E.E. 
Kiernan, C J., Asst.P.C.F. 
Kohler, A. S., Asst.P.Chem. 
Konove, C., Inst.Math. 
Mainardi, P., Inst.Math. 
Metzenheim, H. H., Comptr. 
Nims, A. A., P.EZ.E. 

Peet, J. C., P.E.E. 

Polaner, z. t: “s Inst.M.E. 
Ramberg, E. F., Inst.C.£. 
Ritterbusch, ir F., Asst.P.M.2. 
Robbins, J. M., Assoc.P.0.B. 
Schweizer, P. E., Asst.P.M.E. 
Shedd, P. C., Assoc.P.2.EZ. 
Sizelove, O. J., __ Ind... 
Stewart, V. T., P.C 

Van Houten, R. W., Pra see i. 
Walter, H. E., P.M.B. 
Widdop, Robert, Assoc.P.1.E. 
Wilkinson, G. D., P.I.E. 
Wright, R. V., Lec.Citizen. 


New Brunswick 


Rutgers eeggh ag 
Saipony, 5 M.E. 
Ayers, M. 7 re P.Gen.B. 
Cejka, J. B., ” Aset.P.M.E. 
Creager, P. ’s.. Assoc.P.E.E. 
Daggett, P. H., Dean 
Gaum, C. G., P.Uni.Ect. 
Heath, C. O., Inst.M.E. 
ee % c., P.Dr.,Asst.D. 
Johnso ‘—° P.Str.Des. 
Kleinschmidt. on Inst.Gen.F. 
Lendall, H. we P.4H.O.B 
Lindemann, A. J., Inst. Gen.E. 
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Pumphrey, F. H., P.¢4H.z.£. 
Stetkewicz, J. D., Assoc.P.M.E. 
Tyrrell, C. C., As00.P-M.B. 
Vennum, R. R., t.M.E. 


Passaic 





Falstrom Co. 
Busse, F. A., Per.Mgr. 


Paterson 


Wright Aero. Corp. 


Bishop, W. W., Per.Dir. 
Saltzer, B. H., Sup.Bng.Tr. 


Phillipsburg 


Doyle, F. B., Ingersoll-Rand Co., Dir. 
Res, 


Princeton 
vis, Princeton University 
Barry, 4. G., Inst.E.E. 
Condit, yo Dean 
Constant, "F. H., Em.P. 
C., P.4H.Ch.£. 
fn alg A. M 
Heacock, F. A., P.4H.Dr. 
Kissam, P., As. 
Maute, B. as I 
McCully , M; Inst.Dr. 
A P.Hy4.B. 


Sollenberger, N. J., Inst.C.B. 
Sorenson, A. E., Assoc.P.M.EH. 
Timby, EB. K., Assoc.P.C.2. 
Tschebotariof, G. P., Asst.P.C.E. 
Tutt, C. L., Asst.P.M.z. 

Vivell, A. E., Asst.P.E.E. 
Whitwell, J. C., Asst.P.Ch.B. 
Wilhelm, R. H., Asst.P.Ch.F. 
Willis, C. H., P.2.2. 


Trenton 
Moody, A. M. G., De Laval Turbine Co. 


NEW MEXICO 


Albuquerque 
University of New Mexico 
pares M. E., DeandP.M.E. 
Ford, x P.4H.M.B. 
Hume, om Asst.P.C.E. 
Lewelien, M. T., P.4H.M.E. 
Tapy, R. Wes H.B.E. 


Socorro 


New Mexico School of — 


Needham, C. E., Presiden 
Talmage, S. B., P.€H. Geol. €Min. 


State College 


New Mexico State College 
Shires, L. B., Assoc.P.Ch.E. 


Thomas, M. A., P.4H.E.E. 
NEW YORK 


Albany 


Conroe, I. A., Asst.Com.Pro.Ed. 
Miller, J. H., Assoc.Com.H.Bd. 


Alfred 


Alfred University 


Amberg, C. R., P.Cer.z 
Fanebetl R. 'M.. P.Cer.Tech. 


es & n 
Merritt C. W. ~ Asst.P.Cer. 
Grad 


Mohr, J. G., .I.GlassT ech. 
Norwood, J. N., Pres. 
Ross, F. W., P.Geol. 

Bronx 


Olinville Jr. High School 
Morris, H., Inst.M.Z. 


Brooklyn 
ae ny D. I., Sperry Gyroscope Co., 


ng 
White, W. T., Sperry Gyroscope Co., 
Proj.En: 


Witham, £ Bae mperey Gyroscope Co., 
Head,B.E 


Brooklyn Polytechnic Institute 
Beach, Bebe. sm. a4 
Berry,. W. P.4H.Mat 
Brierley, x R., pl 
Canavaciol, F. "RB, Assoc.P.E.E. 
-. _" F.,. P. 
ee ha P.R.E.&S8ur. 

peony 


vis, iL 
Pre err ar 
crennedy 8 a” dD. rn. C.B. 


3. 
Grosser, Ww. Rk Re» Inet. Phys, 
Harrington, R. P., P.4H.Aero.E. 
Hausmann, Erich, "Dean 3P.Phys. 
Hoadley, G. B., Asst.P.E.E. 
Kniffen, A. T., gg ay 
é Laestadins, J. 


Middendort, H. Q., Asst.P.German 
Midgette, BE. L., Assoc.P.M.Des. 
F. W., A M.E. 


ing, , Asst.P. 
Olsen, J. C., P.Ch.B. 
Othmer, D. F., P.4H.Ch.E 





Technical High School 


Breiling, Fe Act.Prin. 
Colston, A. OK Principal 


Pratt nay ay 


t 
Bentdict Ott Otis, Fa: theo 
Burley, J. w., oT ae 


+ Head,M.E. 
Denean, D. S., Asst.P. yg ;. 
Hgilerud, F. 8. Head,M. 
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Gertz, F. H., Inst.Engl. 
Henderson, R. B., Inst.#.Tech. 
Hertzler, B. A., Inst.2£.H. 
Hostetter, H. C., Inst.M.E. 
Hottle, W. M., Inst.Phys. 
Jones, C. B., Inst.Sho 
Kinney, G. F., Inst.Ch.2. 
Lambe, E. P., Inst.Phys. 
Lueth, I. B., Inst.#.2. 
McCormack, R. H., Inst.Ch.E. 
Miller, Jos., Asst.P.I.Mgmt. 
Moen, W. B., Inst.M.£. 
Moore, M. B., Inst.M.E. 
Morgan, R. B., Inst.H#.E. 
Nesbitt, R. E., Inat.Shop 
Pratt, Chas., Sec.Bd.Trus. 
Quier, K. E., Inst.M.E. 
Schmidt, H. P., oe. 
Stimson, S. K., Inat.M.F. 
Toole, C. E., Inst. Pees, El. 
Welke, R. A., Inst.Ind.Mgmt. 
Wittig, F. E., Inst.Shop 
Wright. D. H.. Inst.Flec.Des. 
Zbell, S. P., Inst.M.Lab. 


Buffalo 
Furnas, C. C., Curtis-Wright Lab. 


University of Buffalo 


Fullerton, H. P., Asst.P.Eng. 
Gehman, H. M., P.Math. 


Cornell University 
Ocvirk, F., Inst.Mech. 


Corning 
Fretchette, V. D., 114 Princeton St. 


Garden City 


White, W. T., Sperry Gyroscope Co. 


Ithaca 


Cornell University 
Adams, A. §S., Asst.D.,P.Mech. 
Ager, R. W., Assoc.P.E.2. 
Albert, C. D., P.M Dea, 

Bangs, J. R., P.4H.Ad.2#. 
Barnard, W. 4. 25 ME. 
Barnes, F. A., P.R.F. 

oe P. H., \ Toaee > 0 Res, 
Bock, L. §&., "Inst.Ad.FB. 

ned R. E.. Arat.P.H.-P.E. 
Cleary, S. F., Assoc.P.Dr. 
Cornell, W. R., P.Mech. 

Credle, A. B., Asst.P.E.E. 

Doty, L. D., Assoc.P.Hyd.E. 
Ellenwood, F. O., P.H.-P.E. 
Emerson, L. A., P.1.Ed. 
Garrett. S. S.. P,Econ. 
Gatcombe, E. K., Inst.Mach.Des. 
Geer, R. L., Inst.Mat 

Gifft, H. M., Asst.P.C.E. 
Goodier, J. N., P.Mech. 
Grantham, G. E., P.Phys. 
Gross, E. T. B., Asst.P.2.E. 
Hanselman, G. R., Assoc.P.Ad.E. 
Hinkle, R. T., — ae 
Hollister. 8. c.. 

Howell. BE V., Anat P.Mech. 
Hyde, W. H., "Libr. 

Johnson, W. A., Inst.M.Des. 
Kimball, D. S., Em.P.M.E. 
Lewis, W. A., Dir.F.F. 

Mabie, H. H.. Inat.J.F. 

Mackey, C. O., P.H.P.E. 
Malcolm. W. L.. Dir.0.F. 
Millard, C. 1.. Asst.P..E. 
Moynthan, J. g. Assoc.P.Earp.b. 
O'Rourke, C. E., P.S8tr.h. 
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New York 


Otto, L. L., Inst.Bap.£. 
Perkins, H. C., Asst.P.Mech. 
Perry, J. B., Asst.P.R.E 
Quinn, B. E., Inst.Dr. 
Rhodes, F. H., Dir.Ch.B. 
Rogers, F. S., P.M.Des. 
Sampson, =" W., Inst.Ad.E£. 
Schoder, B. W., P.Ke. Hyd. 
Smith, J. H., Asst.P.E.E. 
Spry, F. J., "Inst.Sur. 
Stanley, W: E., P.S.E. 
Strong, E. M., Assoc.P.H.E. 
Tenney, E. 1 By Assoc.P.Engl. 
Thatcher, R. Y., Assoc.P.C.2. 
Townsend, C. E., P.¢€H.Dr. 
Underwood, P. it., P.Sur. 
Walker, C. (oe P.8. 

Wardle, R. M., Inst. Engl. 
Winding, Cc. Cc, Assoc.P.Ch.E. 
Wood, E. H., Em.P. 


Jamaica 
Seidl, J. C. G., Ranger Aircraft 
Vetter, H. F., g. 


Long Island City 


Delehanty Institute 


Rossi, B. E., Dir.Weld. 


New Rochelle 


Iona College 


Kiely, E. R., P.Eng.Dr.d€Sur. 


New York City 


Bernhard, R. K., 216 Pearl St. 
Burgland, W. P., Union Carbide Co., 
Mogr.Ecrh.Div. 
or N., Parm. Pub. Corp., Asst. 
2c. 


Dale, R. B., 25 Broad St. 

Fetherston, T. C., Union Carbide Co., 
Mgr. Pub. 

Furia, J. J., Dir.Tr. 

Gray, G. H., Int. Tel. & Tel. Co. 

Hendrick, T. K. A., 0.Z., Bd. Water 
Supply 

Hood, A. A., Johns Manville Corp. 

Hotchkiss, C. H. B., Heat & Ventilat- 
ing, Editor 

Lewisohn, S. A., Miami Copper Co., 
V.P €Treas. 

as ae R. S., Cons.Met., 163 W. 94 
t 


Mosher, 8S. W., C. S. C., Eng.Fe. 
Nilson, A. R., Pres. Radio School 
Ogburn, S. C., ‘General Chem. Co., Tech. 


Sup. 
Petrie, G. W., Midshipmen’s School 
Rath, E. R., age _ Coun., V.P. 
Robbins, P. A, Su 
Sackett, R. j He 303, "Lexington Ave., 
DeanEm. 
Sibley, A. K., 120 Wall St. 
Steinman, D. B., 117 Liberty St., Oons. 


Eng. 
io F. G., 346 Broadway, Div. 


Tange, 'C.. Untvermt Trad. Co. 
Turner. F. M., V.P., Reinhold Pub. Co. 
Veal, C. B., Mogr.. ‘Coon. Res. Council 
von Orff, H. A.. Bib., Eng. §°; Libr. 
Walker, H. N., Dir. Res., ae 
Work, L. T.. Metal & "Thecait orp., 
Dir.Res.&Dev. 
bas epee Cc. G., Sec., Ind. Res. 
nst. 
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American Society of Civil Engineers 
Jagger, J. E., FieldSec. 
Jessup, W. E., Act.Asst.Sec. 
Seabury, G. T., Secretary 


American Institute of Electrical Engi- 
neers 
Henline, H. H., Secretary 
Henninger, C. Ross, Hditor 


American Society of Mechanical Engi- 
neers 
Davies, C. E., Secretary 
LePage, C. B., Asst.Sec. 
Stetson, G. A., Hditor 


American Institute of Mining & Metal- 
lurgical Engineers 
Parsons, A. B., Secretary 


American Tel. & Tel. Co. 


Bigelow, J. H., iy Seay ~N.Y.Tel.Co. 
Bridgman, D. 

Carpenter, O., aa. Coll. Rel. 

Crosby, L. S., Gen.Per. Sup. ,LongLines 
Deller, R. A., Tech.Empl. 

rer. 2: Ce. Res.Math. 

Heffner, R. J., Asst.Per 

Jewett, F. B., V.P. Dor BotiTel, Labs. 


Long, M. B.,’ Asst. tov.P. 

Mason, M. 8., Per.Dept. 

Mills, John, Dit .Puo. 

Osborne, H. S., Asst.Ch.Eng. 

Schelkunoff, 8. A., Cons.Math. 

anes, mn Ap ad StaffEng. 
homas, G. Per 

Wilkineon: R. i Tech. Stag 


Harper & Bros. 
Tyler, BE. J., Assoc.Mgr,Coll.Dept. 


Macmillan Company 
McCurdy, H. B., Hd.éAsst.Mogr. 
Morehouse, T. C., Ed.-in-Chief 
Skelley, C. L., ScienceEd. 
McGraw-Hill Company 
Benjamin, C. G., Vice-Pres. 
Booher, E. E., Mgr.Tech.€Bus.Ed.Dept. 
Buck, A. M., Eng.Fd.,TransitJournal 
Dudley, B., Mgm.Ed.Electronics 
Foss, M. M., Pres.Booko. 
Henney, K., Hd.Electronicea 
Kirkpatrick, S. D., Bd.Chem.éMet.£. 
Nordenholt, G. F., Ed.,ProductEng. 
Thompson, J. 8., V.P.,BookCo. 


D. Van Nostrand Company 


Clark, A. N., Tech.Ed. 
Heany, A. G., Mgr.Tert-Book. 


John Wiley & Sons, Inc. 
Coburn, Theo., Weat.Rep. 
Hamilton, B. P., President 
Triest, R. M., Mor.EditorialDept. 
hy w. B., Sec.dMgr.Educational 


ept. 
Wiley, W. O., Chairman,Board 


New York Edison Company 


Glendinning, W.. fom Sup.Tr. 
Parker, J. C., V.Pre 


Standard Oil Company 


Boynton, P. W., Bmploy.Sup. 
Dooley, C. R., itor Ind Rel tl, 
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Western Electric Co. 


Carpenter, O., Sup.Coll.Rel. 
Dietz, J. W., Mgr.Per.Rel. 


Western Union 
Mundt, A. J., Per.Dir. 


Westinghouse E,. & M. Co. 
Lester, B., SalesEng. 


College of the City of New York 


amen, bse Assoc.P.C.E. 
Appleby, A. N., Inst.Dr. 

Autenreith, G. C., P.éH. Dr. 

Bauer, J. v., Inst.C.B. 

Baum, Harry, P. E. rs 

eet G. J., Assoc.P.M.Des. 

Bohlin, H. G., — “ ~_ Dr. 

Clemeris, G. zi Ing 

Crane, W. G., Asst. ‘3 Bgl. 

Cunningham,’ Cc. W., Inst.0.B. 

Grasso, 8., TutorC.2. 

Guerdan, G. ge Asst.P.M.E. 

Hachemeister, é. A., Inst.Dr. 

Hanstein, H. B., Inst.B.E. 

Hartman, P., Inst.C.2. 

Hem, L. W., Inst.M.B#. 

Henry, M., Asst.P.2.2. 

Kent, C. ii., Assoc.P.M.E. 

Kuhlen, Fred., Assoc.P.4H.M.E. 

MacAlpine, D. M., Inst.C.B. 

Markowitz, J., Inst.Dr. 

Marlies, C. A, Asst.P.Ch.B. 

Millman, ~ Asst, P.E.E. 

Newman Dean 

oO’ Farrell, 4 7. Tech.Lib. 

Peck, J. is? “Asat.P.C.E. 

Plock. H., Inat.Dr. 

Pope, L. C., Inst.C.E. 

Prentice, T. H., Asst.P.C.2. 

Rapport, A. H., Inst.£.2. 

a é. ©, POs. 

Rizzi, V., Inst.c.B. 

Seely, $ Inst.B.B. 

Smith, E. B., Assoc.P.M.B. 


Q 
| 


Tracy, S. J., Asat.P.M.E. 
Updegrove. H. T.. Inst.M.E. 
Walsh, H. V., Asst.P.Dr. 
Weiss, J. R., Inat.M.E. 
White, G. E., Asat.P.Oh.B. 
White, J. R., Inst.0.F. 
Whitford, R. H., Libr. 
Willig, Ww. L., Asst. ¥ _— 
Wing, ry H., "Inat.B.E 
Wolf, H., Asst.P.2. E. 


Columbia University 


Allen, G. M., Asst.P.Dr. 
Armstrong, B. H., P.2.E. 
Bakhmeteff, B. A., P.C.B. 
Barker, J. W.. Dean 
Baumeister, Theo., P.4H.M.E. 
Burmeister, D. M.. Asst.P.C.B. 
Bnueky, "i B., Aaane.P. Vin. 


Church, J. M., Aast.P.Oh.B. 
ely Ww. A. Assoc.P.E.E. 
Dell og A. W., Lect..Ch.F 
Drew, T. B., Assoc.P.Ch.E. 
Finch, J. ‘ 


K, 
Garreits, I. 8. 
Harness, iB Ages =e. 
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New York 
Matzke, A. E., Asst.U.#. 
Mindlin, R. D., Asst.P.0.2. 
Morgan, J. J., P.Ch.z. 


Queneau, B. K., Acst-P-Met. z 


Read, T. T., P. Hi. 

Rogers, R. k., Inst.Ch.2. 
Schumann, C. H., Assoc.P.Dr. 
Schutz, P. W., Asst.P.Ch.B. 
Slichter, W. I1., P.Em. 
Taggart, A. F., P.Min.Dress. 
Wood, Ben D., P.Ed.Res. 


Cooper Union of Technology 
Ball, Albert, P.Phys.Em. 
Bateman, G. F., Dean ;P.M.E. 
Brumfield, R. C., Assoc.P.C.E. 
Burdell, E. 8., Director 
Ely, J. A., Adj.P.C.E. 
Halsey, EF s pare 
Kayan, a. 

Kut, W. 8., inceMe 

Lancour, A. H., Libr.Asst.P.Bib. 
Lehmann, C. H., Inst.Math. 
Lofgren, K. E., Asst.P.M.Des. 
Lynch, W. S., P.H 
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MeMillan, B. L. ., Assoc. P.&Ch.E. 

E. W., Asst. 77 M.E. 

; Assoc. P.C 
, P.aH. Hind Met. 


7H. 
P.Dr. :Dir.Place 
Smith, F. W.. ahaa 
Witmer, L. F., Assoc.P.Met. 
Zozzora, F., Inst.Graph. 


East Pittsburgh 


Westinghouse E. & M. Co. 


Belknap, J. H., Mgr.Tech.Empl.Tr. 
Condon, E. U., Assoc.Dir.Res. 
Dudley, A. M., Eng.Rep.Patents 
Lott O., SwitchgearTest 
men G. Asst.toPres. 

jg Sup.Bat.Tr. 

E. B., Asst.toV.P. 
Smith, M. W., V.P.Eng. 


Grove City 


Grove City College 
Hoyt, C. 8., H.Ch.d0h.2. 


Harrisburg 


Pa. Dept. Forests & Waters 


Beaver, J. L., P.4H.B.E. 
Gardner, R. A., Hyd.Eng. 


Becker, S. A., Assoc.P.0.F. 
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Haverford 


ee College 
B., Asst.P.M.E. 
Holmes, 7% W., 4s000.P- MB. 
Rittenhouse, L. H., P.d 


Johnstown 


University of Pittsburgh at 
Anderson, C. A., Assoc.P.Eng. 


Lancaster 
Leng, R. B., RCA Mfg. Co. 


Franklin & Marshall Coliege 


Distler, T. A., Pres 
Fry, H. M., P.Phys. 


La Plume 
Scranton-Keystone Junior College 
Oswald, C. T., Ch.Eng. 


Lewisburg 


Bucknell University 


Drum, M. L., P.Sur. 
Flinsch, 


. P.E.E. 
> ost.F-B.B-4Dr. 


Philadelphia 


Applegate, C. E., Leeds & Northrup Co. 
Chesterman, F. oe Bell Tel. Co. 
Kammermeyer, K. 

Lewis, J. F., U. S. Navy Yard, Aest. 


Eng. 
Painter, R. J., Asst.toSec.,A.8.7.M. 
Tatnall, F. G., Baldwin-Southwark, 


van a Wert, L. R., Leeds & Northrup Co. 
= 23 F., Navy Yard, Asst.Shop 
upt. 


Drexel Institute of Technology 


Baker, J. B., Asst.P.M.E. 
Billings, J. it, P.24H.M.E 
Bowman, e L., P.4H.0.B. 
Brothers, A., Asst.P.C.E. 
Disque, R. rm Bean 
Dowell, D: 
Ford, Ww. 
Giles, R. 
peeveney, A. W., 
oe Assoc.P.Chem 
., Dir. Coop. 
, Assoc.P.H.E. 
rd, s. ple my yt ae 
Mains, L. Py ‘Asst.P.C.B 


Raynes, = net.M. 

pepeene, A ii Assoc.P.M.E. 
Riddle, K. Wy ‘Inst.M.F. 

Stevens, W. Assoc.P.M.B. 
Stratton, L. B. Dean ;P.Chem. 
Ward, H. T., Assoc.P.Ch.2. 
Williams, Fr H. M., Assoc.P.Math. 





University of Pennsylvania 


Berry, H. C., P.Mat.Consatr. 
Bowman, H. T., Inet.M.E. 


Pennsylvania 


Crofoot. M.E. 
Faweett, & iy E.R. 
Fry, H. P., Pus 


Goff, J. A., 
p nod EE “E, T., P.C.E 
Lukens, 4 ir_Ohem.4Cn.B. 


Mol: Pan. Ch... 
Potten ae Harol 5, 7g 


Prior, J. A., rie 
Sloan, W. a. B. 
Witmer, F. , Dir. C.E. 


Philadelphia Textile School 
Heard, M. E., Dean 


Pittsburgh 


Ackerman, A. i Dravo Corp., Dir.Eng. 
S., 2910 Voelke Ave. 
1600 Farmers Bank B Bldg. 
530 Sats Dr., R. D. 6 
ake e +. 813 Fianklie Ave., 


McClelland, EB. H., Carnegie Library, 


Carnegie Institute of Technology 
Bessey, W. H., Inst. Phys. 
Blaisdell, A. H., Assoc.P.M.E. 
Dennison, B. we P.E.E. 
Doherty, R. Presiden 
a, J. a Inet. Mech. 
pete Tis P.M.E. 

it, Assoc.P.Mech. 
G ta B. 
en 
oe Ae Wt 
Jones, 4] N., P.-B<. 
Lawler, L. . T.,, Assoc.P.Engl. 
Lee, G. H., Inst.M 
McCombs, oe, &, Asst.P.Dr.éDes.G. 
McCullough, F. "M., P.4H.O.B. 
pong ; M., P.4H.Dr. 
McKee, H. , Rup. Ev.Shop 
McKee, W. s Asst.P.M.E. 
Miller, N., Assoc.P.Eco. 


Miner, D. P.Eng. 
ee ne e qpee. .P.Dr.éDes.G. 


, Assoc.P.B.E. 


¥F., 
E. | 
as 
. M. 
E. e Assoc.P.Phys. 
Rosenbach, B., P.Math. 
Stanton, C. B, Sup. 
R,, P.2.2. 
, P.C.E. 
.R., P.4H.B.B. 


Pennsylvania College for Women 


Spencer, H. L., Pres. ;Coord.£.8.M.W.T. 


University of Pittsburgh 
Ackenheil, A. Cc; Inat.C.2. 
Arnold, J: B. Ase A pete 
Bishop, F 8 x P.Ph 
Black, R. M., P4e 
Bowman, 

Brinker, W. 
Bromilow, F., oe P.C.B. 
Coull, Jas., P.4H.Oh.B. 

. G., ih Engl. 














Pennsylvania Si BP. &: 


K., ine t.£.H. 

oO. Inst. E.B. 
Lambie, J. S., Dk Eng.Def.Tr. 
Manifold, G. Inst.M.E. 
McCandliss, C., P.4H.C.B. 
McIntyre, E. Wa Lect.C.E. 
McKenry, Nell, "Aast.Sec.8.P.E.E. 
Pavian, H. C., Asst.P.Aer.2. 
Ray, B. R., —. 

Rush, P. oss 


Hovey, B. 
Kebernick, 


Stiening, F. H., M.E. 
Weidlein, E. R., Director, MellonInst. 


Williams, L. E., Inst.#.E. 
Pittston 
Jackson, J. P. 
Scranton 
Baker, Sam, Int. Corres. Schools, 
Dean 
Brach, EB. T., Int. Textbook Co., Coll. 


Dept. 
Farnham, G. W., 
Mor.Coll.Dept. 
Strohm, R. T., Int. 

V.P.éDean 
Tice, L. W., Int. Textbook Co., Asst. 
Mgr. Coll. Dept. 


Int. Textbook Co., 


Corres. Schools, 


Sewickley 
Larson, Alvin, 215 Chestnut St. 


State College 
Perry, D. J., 133 Hillcrest 


Pennsylvania State College 


Armstrong, ‘5 H., Inst.I.2. 
Babcock, , Assoc.P I.E. 
Benkert, H. N- ” Asst.P.C.E. 
Breneman, W., Assoc.P.E.Mech. 
Bullinger, C. E., P.4H.1.E. 

Carey, R. H., Asst.P.Mech. 

Cassel, E. B., A 

Crouch, J. EB., Asst.P.I.2. 
Doggett, L. P.E.E 
Doolittle, J. 

Duncan, D. 
Everett, H. 
Govier, eC. . Pie 

Grimison, E a Assoc.P.M.E. 
Hall, P. R., Aste LE. 
Hammond, i. P., Dea 

Harris, C. L., P.4H. Arch.B. 
Holme, J. M., Inat.Mech. 

Holt, C. B., Asst.P.E.E. 
Hummel, O. P., Assoc.P.I.F. 
Hussey, R. A., Assoc.P.I.2. 
Johnstone, B. K., P.€H.Arch. 
Kinsloe, C. L., P.4H.#.E. 


a 


A. “9 

S., 

C., P.Phys. 
A., P.€H.M.E. 


Leister, J. S., Assoc.P.C.E 
Light, J. J., Asat.P.M 
Marin, Jos., P.Mech. 


Mavis, F. T., P.¢H.C.E. 
Minshall, R. E., P.S8t 

O'Donnell. R. O., P.Hud.48.2. 
Owens, F. W., P.€H.Math. 
Peery, D. J., yres + «oe 
P., Asst.P.B.E 

Rhodes, * S., Assoc.P. C.B. 

Rice, P. x., Assoc.P.E.E. 
Richardson, L. A., Aaat.P.Arch.F. 
Rohlich, G. A., Asst.P.S.E. 
Schaefer, V. G., Asst.P.Paych. 


Smith, G. B., Inst.Dr. 
Sorensen, H. A., 


Asst.P.M.E. 
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Rhode Island 


Stavely, E. B., P.2Z.E. 
Stewart, F. C., P.M.B. 
Tarpley, H. I., Assoc.P.F.2. 
Thayer, H. R., Asst.P.Dr. 
Thomas, G. D., Asat.P.1.E. 
Vandegrift, C. "G., Inst.M.B. 
Vierck, R. K., Asst. P. Mech. 
Villemonte, J. R., Asst.P.C.Z. 
Whitehead, L. W., Assoc.P.C.2. 


Swarthmore 


Swarthmore College 
Bourdelais, G. A., Inst.Shops 
Carpenter, S. 
Garrahan, C. 
Jenkins, H. M., 
Lilly, S. B., Chr. Eng. ; :P.0.E. 


McCrum, J. D., Asst.P.E.E. 
Oler, C. B., Inst.E.B 
Potter, P. J., Inst.M.E. 


Thatcher, C. G., Assoc.P.M.E. 
Thom, G. B., Asst.P.M.E. 


Villanova 


Villanova College 
Amelotti, B., Asst. « Suisei 
Banmiller, P. 
Blumenfeld, Pa, inst: "on. Zz. 
Bueche, H. 
Drenick, R. x, ‘teak. ‘Math. 
Driscoll, W. ee. Asst. — &Math. 
Gallen, J. J., Asst.P.0.E 
Gorman, W. M., Inst. MB. 
Haenisch, E. i. Assoc.P.Chem.€Ch.F 
Morehouse, J. S., Dean ;P.M.E. 
Moser, K. J., Asst.P.M.E. 
Oakey, J. A., Assoc.P.4H.C.E. 
Quagliano, J. V., Inst.Chem. 
Slavin, W. A., Asst.P.E.E. 


Warren 
Plummer, F. L., Hammond Iron Works 
Washington 


Washington and Jefferson College 


Gregory, C. A., P.¢H.EF.EF. 
Pietenpol, C. J., DeanofEng. 


Waynesboro 
Gjesdahl, M. S., Landis Tool Co. 
Wilkes Barre 
Bucknell University 
Hall, V. B., Assoc.P.Phys. 
Wyomissing 


Wyomissing Polytechnic Institute 
Harper, A. C., President 


PORTO RICO 


Rio Piedras 


University of Porto Rico 


Kenrick, G. W., P.Phys. 
Mota, C. C., P.4H.0.H. 


RHODE ISLAND 
Kingston 


Rhode Island State College 


Alexander, N., P.Aer.2. 
Billmyer, C. D., Assoc.P.M.H. 








CCH. 


Works 











Brown, R. E., Assoc.P.M.E. 
Carpenter, EB. L., Asat.P.M.EB. 
Crawford, I. C., Inst.C.E. 
Crawford, S., P.4H.Ch.B. 
Guthrie, A. N., P.€4H.Phys. 
Hall, W. B.. P.€H.F.E. 
Beownrey, W. J., Inst.F.B. 
Pease mM, Assoc.P.Math.éE.2. 
soe yy E. 1, Asst.P.M.A. 
Stuart, H. KF. Asst.P.M.E. 
Stubbs, F. W., P.4H.C.2. 
Wales, R. L.. ‘Dean ;P.M.E. 
Wilson, L. C., Inst.Engl. 


Providence 
Brown University 


Benford, W. R., Asst.P.C.E. 
Bennett, A. A., P.Math. 
Berard. S. J., Assoc.P.Dr. 
Bliss, Z. R., P.Ap.Mech. 
Cooke, S. P., Asst.P.F.E. 
Kenerson, W. H., Dean ;P.M.E. 
Kistler, P. N.., Arsnc.P.M.E. 
Lerner, S., Inst.C.B. 

Rose, F. O., Assoc.P.C.E. 
Tompkins, F. N., Assoe.P.2.E: 
Warren, A. J., Inst.M.E. 
Watson, A. E., Em.P. 


SOUTH CAROLINA 


Charleston 
The Citadel 
Anderson, John, P.C.E. 
Clement, W. B., Asst.P.M.B. 
Haynes, H. G., Asst.P.C.E. 
LeTellier, L.. S., Dean ;P.0.E. 
Williams, B. B., Asst.P.C.2Z. 


Clemson College 
Clemson Agricultural College 
Clarke, E. L., P.€H.C.B. 
Curtis, D. D., P.Mech.€Hyd. 
Earle, S. B.. Dean 
Fernow, B. E., P.4H.M.E. 
Glenn, H. E., "Asaoc.P.O.R. 
Quattiebaum, A. M., Asst.P.0.E. 
Rhodes, S. R., P.€H.E.F. 
Shenk, D. H., Assoc.P.M.B: 
Shigley, J. B., Inst.M.2. 
Stevenson, Ww. D., Asst.P.H.B. 
Tingley, F. es 
Trively, I. A., Asst.P.O.B. 


Columbia 
University of South Carolina 
Bauer, W. M., P.4H.2.2. 


Sumwalt, R. L., P.4H.C.E. 


Parris Island 
Rutter, M. L., Box 311 


SOUTH DAKOTA 
Brookings 
South Dakota State College 
Amidon, L. L., P.€H.M.H#. 
Blodgett. H. B.. P.4H.0.2. 
Bloem, H. P., Inst. 
Crothers. H. M., Dean :P.E.E. 
Gamble, W. H., P.é€H. 
Oleson, C. C., Assoc.P.C.B. 


v 
ae 
iy 


Rapid City 
South Dakota School of Mines 


Clark, E. E., P.B.2. 
Connolly, a. P: President ;P.Geol. 
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Dake, E. D., P.C.Z. 
Kammerman, J. O., P.4H.B.2B. 
Kreydich, W., Inat. ‘B.E. 

Osterof, G. Ch. 
Palmerton, L. 5 7 &Per.Dir. 
Parsons, H. M., des. _— 
Potter, J. G., 

Watson, C. G., 7; Pep. Phys. 


TENNESSEE 


Chattanooga 
Kampmeier, R. A., 7.V.A. 


Cookeville 


Tennessee Polytechnic Institute 
Henderson, J. M., Dir.Eng. 


Knoxville 


Davis, C. V., Proj.Eng. 
Tomlinson, G. E., 7.V.A..8r.Eng. 
Woodward, S. M., WaterCont.Eng. 


University of Tennessee 


Aiken, H. B., Asat.P.C.E. 
Boarts, R. M., yee ee 
Brown, R. T., Asat.P.C.E 

Camp, C. §&., ‘Aes0e.P Hyd.E. 
Seamberte, . Dea 
Granger, A. T., P4HEE. 
Hertel, K. L., P aH. Fg 
Morton, R. W.. 

HU a meg Ce eo: Dr v;Mach. Des. 
Shipley, B. D., Assoc.P.H.E. 
Thomas, F. H. Assoc.P.M.E. 
Wakefield, BE. H., Inst.2.2. 
Williamson, J. H., Assoc.P.I.E. 
Wood, A. B., Assoc.P.Dr. 


Nashville 
Vanderbilt University 
Boynton, J. E., P.€H.M.R. 
Graham, W. W., Asst.P.Math. 
Hanslik, R. S., Aset.P.Ch.2. 
Hutchison, A. W., Asst.P.C.E. 
Lewis, F. J.. Dean 
Litkenhous, B. B., P.¢H.Ch.£. 
Schealer, S. R., P.€H.F.B. 
Slack, F. G., P.¢H. Phys. 


TEXAS 


Amarillo 
Vail, R. B., M.Z., Pantex Ord. Plant 


Amarillo College 


Layton, W. L., Inst.Eng.¢Math. 
Whetstone, G. A., Inst.Math.€Eng. 


Arlington 


Texas Agricultural College 
Goodheart, E. J., P.€H.Math. 
Mitcham, J. T., Assoc.P.Eng. 
Pickard, W. L., Inst.Math. 
Smith, F. M., P.C.2. 


Austin 


University of Texas 
Bacon, R. A., Inst.M.E. 
Bantel, E. Cc H., a pee [P.C.R. 
Barton, M. V., PAero.E 





















































































Texas 


Barclay, L., Asst.P.C.E. 
Begeman M. L., H. 
Benson, L. .” Inst.M.E. 


rge 
Doughtie, V 
Eckhardt, C. 
P 
P 


MeNeill, Ww. H. 


a 
haa 
by 


wv sairich, W. R., DeanéP.M.E. 


College Station 


A. & M. College of Texas 


Barlow, H. W., P.€H.Aero.2. 
Benson, F. J., Asst.P.0.2. 


Berryman, L. G., Assoc.P.M.E. 


Bishop, F. F., P.Ch.z 
Bolton, F. C., Dean 


Cleland, S. M., Inst.Dr. 
Crawford, C. W.., iy 3 
Dillingham, H. c., EZ. 
Downard, R. W., net ICE. 
Edmonson, Nat, "P.Math. 
Faires, V. M., P.M.E. 
Fouraker, ti Ra ., Assoc.P.E.E. 
Giesecke, » Prof.Em. 
Gilchrist, Gin "Dean ? 
Goodheart, C. F., Inst.E.E. 
Grandi, L. L., Asst.P.B.E. 
Haupt, L. M., Assoc.P.H.E. 
Higgins, P. R., Asst.P.Aero. 
Hopper, z a Asst.P.M.E. 
Howell, Registrar 
Hughes, ii. %, P.4H.E.E. 
Jak ula, A. A., P.Str. 


Koenig, L. A 

Lindsay, J. D., P.4H.Ch.E 
Markle, E. W., P.H.E. 
McGuire, J. G., Assoc.P.Dr 
MeNew, J. T. L., P.4H.C.F 
Morgan, 8. S8., P.Engl. 
Mullins, B. F. K., Inat.Dr. 
Munson, T. A., P.Hyd.F 


a a 
N F., Pl 
Sandstedt, Cc. 
Silvey, O. W. 
pone ge c. 
ae. 4° be P. 
Spe | ae Z 
Steel, ct, W., P.4H.Mun.é8.B. 
Street, W. E., P.4H.Draw. 
Summey, George, P.dH.Engl. 
Thompson, J. G. H., 
Truettner, W. L., Assoc.P.M.E. 
Vance, Harold, P.4H.Pet.E: 
Walton, T. O., President 
Ward, R. P., Assoc.P.E.£. 
Wingren, R. M., Assoc.P.M.E. 
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«+ 4ss00.P.Math.é Astron. 
Dawson, R. iar! 5 hy pA 80c.P.C.H. 


st.P.Arch. 


#. 
., Asst.P.Chem.£Ch.E. 
h.E. 


Dir ies. E2.8ta. 


Asst. ®. M.E. 







Commerce 
Keaton, L. D., P.J.Bd. 


Dallas 


Southern Methodist University 


Davis, H. Se Inst.0.B. 
Flath, E. 3 eg 
Harrison, ee » Coord. 
Huffman, H. Fr P.E.E. 
Landon, R. D., PO 
Matson, R. M., P.4€H.M.E. 
Santry, I. W., ” Inst.C.B. 
Thompson, Sophus, P.C.E. 


El Paso 


College of Mines & Metallurgy 


Decker, F. A., Assoc.P.E.E. 


Houston 


Rice Institute 


Downs, J. B. T., Inst.M.E. 
Goddard, E. G., Inst.z.E. 
Hartsook, A. J., P.€H.Ch.£. 
Morris, i. M., Inst.C.E. 
Pound, H., P.M.E. 
Russell, 4p M., Inst.M.E. 
Ryon, 4 a P.O.E. 
Sims, J. , Inst.0.F. 

P.E.E. 


Weiser, H. B., a :P.Chem. 
Wischmeyer, c. , Inst. E.E. 


Kelly Field 
Emery, K. G. 


Kerrville 


Schreiner Institute 
Hammond, T. M., H.Eng.éPhys. 


Kingsville 


College of Arts and Industries 


Jones, E. N., President 
Peurifoy, R. L., Dir. ;P.C.E. 
Straiton, A. W., P.2. B. 


Lubbock 
Parkhill, G. W. 


Svensen, C. L., 1509 Ave. K., HBng.dé 


Arch. 


Texas Technological College 


Adams, O. V., Dean 

Atkinson, M. B., Asst.P.JI.E. 
Bradshaw, 
Bullen, C. V., P.4H.2.E. 
Godeke, H. F., P.4H.M.E. 
Gray, W. F., Asst.P.2.E. 
Hardgrave, J 
Horn, C. R., Asst.P.Pet.E. 
Kipp, H. L., Assoc.P.M.E. 


Lee, R. L., P.4H.Tew.k 
McRee, F. L., P.C.E. 
Middleton, E 


Perryman, C. C. Assoc.P.L.E. 
Robson, F. | nat.Jt.£. 


P. on 1.2. 
Sparks, F. we “p.Mat 
Stanley, C. M., P.dH. Mer B. 
Van Dyke, J. R., Inst. 



















W. L., Assoc.P.Arch.E. 


C., Assoc.P.M.E. 








Texas 


Eng.é 





Ss. P. E. E. 





UTAH 
Logan 

Utah Agricultural College 
Carter, H. S., P.C.Z. 


Clyde, G. D., Dean 
Kepner, H. R., P.C.E. 


" Lake City 


Adams, T 38 8S. 12th St. B. 
Bacon, G. 100 E. So. Temple 


University of Utah 


Baker, R. D., Assoc. 
Cope, W. J., ’P.4H 
Diefendorf 
Hull, R. H., 4: 
Jones, D. K. 
Kesler, M.S., Inst.C.2. 
Latimer, C. i., Asst.P.C.E. 
Lewis, R. S., P.Min 

Ravitz, 8S. F., P&H. Met. 
Taylor, A. aah Dean 








a 
ie 
& 


2 
3: 
a 
Q 
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VERMONT 
Burlington 


University of Vermont 
Aldrich, M. H., Asst.P.C.Z. 
Buchanan, . 
Bullard, J. 
Butterfield x Db” P.Math. éGeod. 


Chapman G., ‘Assoc.P.4H.M.E 
Daasch, H., 5 2a PGH MB. 
Eckhard, G. F., 

Lucarini, G. B., As ao. P.M.E. 
McKee, B. oy P.4H.E.E. 
Millington, H. G., Asst.P.Math. 
Puffer, L. B., "P.O.E. 


Shorey, L. F., Asst.P.2.2. 
Thomas, E., Em.P.Math. 


Northfield 


Norwich University 
geben, a H., Al.Sec. ;Assoc.P.C.E. 


Dix, L. B., P.Math 
ane Ww. » P Powerk. 
Howes, PELE. 


Ae 
sents W., Assoc.P.I.Res. 
*.* Ww, ‘Assoc.P.Dr.éMath. 
won Rey Se P.4H.E.E. 
aylor, A. oo ~ 0.2. 
Winslow, A. Ds! Dea 
Woodbury, C. Vv ‘ P.&H.Phys. 


Springfield 
Luce, A. W., HM.E., Fellows 
Shaper Co. 


Gear 





VIRGINIA 
Alexandria 


Blacksburg 
Virginia Polytechnic Institute 

Andrews, 8S. C., Assoc.P.Bus.Ad. 
Barber, W. J. Asst-P.M.B. 
Begg, R. B. H. 
ae So k., y Dr. 
Somer 3 P.i.Des. 

Coo x a! on P.Oh.B. 
Cothe my Ios — 

noe 


Dent, 7. P.Dr. 
M., Asst PME. 


Dusinberre 
. 
we yn zg. 


Ed age oe 
Ellis, W. 
., A4aa0c.P.Oh.2. 


Fisher, n> 
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Johnson, A. z.. Structural 

Johnson, — Hydraulics ; Structural 
Jones, Da 

Kalinske, x A., Hydraulics; Mech. & 


at. 

Kampmeier, R. A., Hydraulics 
Keith, G. M., Drawing 
Kelly, J. W., Mech. & Mat. 
Kemmer, L. H., Surveying 
Kennard, H. J. 
Kepner, H. R., Structural; Mech. & Mat. 
Kerekes, Frank, Structural 
Kesler, M. 8. 
Kesner, H. J., Structural; Hydraulics 
Kessler, L. H., Hydraulics ; Sanitary 
Ketchum, M. 8., Structural 
Kiernan, C. J. 
Kimball, W. P., Construction 

Cc. H., Structural 

. E., Railway 


y, J. S., Sanitary 
Philip, Survey.; Transportation 

Kittredge, R. B., Transportation ; Survey. 
Kleinschmidt, B., Mathematics 
Knight, A. J., Structural; Surveying 
Kozlowski, E., Mech. é Mat. 
Krefeld, W. J., Structural; Mech. & Mat. 
Krefeld, W. J., Structural; Construction 
Krynine, D., Structural 
Lagaard, M. B., Drawing 
Lambe, C. M. 
Lambert, B. J., Structural ; Construction 
Landon, R. D., Hydraulics ; Mech. & Mat. 
Lane, E. W., Hydraulice 
Large, G. E., Mech. & Mat. 
Larson, Alvin, Structural 
LaRue, H. A. 
Latimer, C. A., Draw. ; Math. 
Lefavour, R. W., Survey.; Mech. & Mat. 
Legault, A. R. 
Legget, R. F. 
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Mat. 
t. 
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Leister, 4, S., Transportation 
Lendall, _N, Hydraulics ; Sanitary 
Lenz, A Oe Hydraulics 

Leonard, s: J., Surveying ; Hydraulics 
Lerner, S., Struc., Sur. 

Lewis, R. L., Fy é Mat. 
Lindeman, M. F., Structural 

Little, W. B. 


pareven. E. F., Structural ; Mech. & Mat. 


Lohr, W. S., © af mone Mech. & Mat. 
Lommel, & Surveying 

Looney, C. T. Pas Struc.; Mech. & Mat. 
Lowe, T. cage Sanitary 


Luther, 
MacAlphine, D. Struc. ; Hydraulics 
MacLean, BE. A + eee Mech. ¢ Mat. 


Mains, L. P., Structural ; Mech. é Mat. 
Maney, G. 4. Structural ; Mech. & Mat. 
Mann, C. L., Structural 

Marshall, 0 3 J., Mathematics 


Marston, A., Surveying ; Hydraulics 
Martin, F. L., Physics 
Matzke, A. E. 


Maugh, L. C., Mech. & Mat. 

Mavis, F. T., "Hydraulics ; Structural 
McCain, D. M., Structural; Economics 
McCandliss, L. C., Surveying ; Hydraulics 
McCarthy, J. A., Hydraulics 

McCaskey, A. B., General 

McCullough. F. M.. aah AI ne é Mat. 
McFarlan, H. J. Surv 

McFarland, R. Surveying 

McLaurin, Senin Mech. & Mat 

MeNair, 7 J., Surveying ; Mech. & Mat. 
McNew, J. T. L., Bconomics 

McNown. W. C., Highway 

McRee, F. L., Transportation 

Mead, D. W., Hydraulics 

Merryfield, Fred, Hydraulics ; Sanitary 
Meyer, C. F., Surveying: Sanitary 
Mickey, C. E, Mech. & Mat. 

Middleton, E. V. 


s . J., Shop 

Miller, A. L., Structural; Mech. & Mat. 
Miller, C. A., Structural ; Hydraulics 
Mindlin, R. , Mechanics and Materials 
Minnich, J. H., Mech. € Mat. 
Minshall, R. B., Structural ; Construction 
Mirabelli, Eugene. Struc. ; “Aeronautica 
Mirgain, F. C., Surveying, hydraulics 
Mitchell, F. fo 
Mitsch, J. D., “— Survey. 
Mockmore, C.’ A.. Heireaties 
Moody, H. W., Phy sics 
Moore, E. B., Structural; Mech. & Mat. 
More, C. C., 'Structura 
Morris, C. T., ieaterd: Mech. & Mat. 
Morris, F. C. 
Morris, H. ae Structural 
Morrison, R Oe Transportation 
Morse, R. F., Structural ; Surveying 
Mota, C. C., Struc. ; Surveying 
Moyer. R. 7 Transportation 
Munson, A., Hudraulics ; money 
Murdichian, K. K., Mech. & Ma 
Murdough, J. H., Structural 
Murphy, L. J., Sanitary 
Mylrea, T. D., Structural; Mech. 4 Mat 
Newton, Dudley, Structural; Surveying 
Nothstine. L. 
Nowicki, A. L., Sanitary 

key, J. A., 5 mat Transportation 
O'Connell, D. Mech. & Mat. 
Oleson, C. C., Mechentoa and Materials 


Oliver, Ww. ‘A., Structural; Mech. 4 Mat. 
Olsen, G. A. 
Opdyke, J. B.. Construction ; Drawing 


ke, C. E., Structures 
rn, J. R., Surveyin 9 
D. V., Sanitary 
Consirwetien 2 Eng. Drawing 


ice c. 
Otter, J. V., 








Owen, R Surveying 

Palsgrove, “4. K., Hydraulics ; Mechanical 
Park, J. C. 4 Surveying ; Transportation 
Parkhill W., Surveying; Hydraulics 
Patten, we B., Hydraulics 

Paustian, > 6. Survey.; Transportation 
— F. W., Surveying ; Mathematics 
Penn, J. C., Surveying 

Pennock, 0. 

Perez, Lawrence, Hyd.; Mech. & Mat. 
Perry, J. E., ‘Transportation 

Person, 3s A ap é Mat 

Peterson, F. E., Mech. vi Mat. 

Petty, B. H., Suaanerention 

Pickels, G. W., Hydraulics 

Pillet, F. F., Sanitary 

Plummer, F. L., Struc.; Architectural 
Aaa aby w. C., Struc.; Constr. 
Pope, Structural ; Transportation 
Posey, C. J., Structural ; Hydraulics 
Praeger, Emil 

Prentice, T. H. 

Prior, John, Sanitary 

Puffer, L. B., Hydraulics ; Sanitary 
Pulver, H. Structural ; Mech. & Mat. 
Rader, L. F., Transportation ; Conatr. 
Raeder, Warren, Structural 

Ramberg, ag G. F., Mech. & Mat. 
Rathbun, J. C., Mech. & Mat. 

Rayner, W. H., Mech. & Mat. 

R P. L., Structural ; Surveying 
Reese, R. Cc’, Structural ; Architectural 
Reynolds, K. C., Hydraulics 

. H., Structural 

. &., Surveying ; Hydraulics 
Rice, P. P., Surveying ; Transportation 
Richmond, A. E., Structural: Surveying 


FS 
-2 
a 
i] 
& 
he] 


co . 4. Surv., Constr. 

ZZ ‘urveyin 

Robbins, A. G. @ 

Robbins, P. H. 

Rockwell, B. H., Struc.; Mech. & Mat. 
Roehrig, F.. Structural ; Mech. @ Mat. 
Roos, P. K., Surveyi ~ apy A 

Rose, F. O., ‘Drawing ; ech. and Mat. 
Rose, F. bs . Surveying 

Rose, W. A., Structural ; Mech. & Mat. 


Roth, C. = Surveying; Transportation 
Rubey, Harry, Survey.; Transportation 
Russell, F. A. ps erly od Constr. 
G, Mech. & Mat 

Rutter, M. 

Ryckman, 8. ‘ Sanitary 

tructural, Constr. 
Transportation 

; Structural 


., Trans. ; Hydraulics 
E. w., Hydraul ics ; Constr. 
Scofield, . H., Testing Mat. 


Scofield . F., Strue.; Hyd 

Scott, E. O., Mechanics 

Shank, J. R., Structural 

Sharp, H. 0. Fecbin gye Transportation 
Shaw, G. R., Survey., ns. 

Shedd, T. C!, Structural 

Sheiry, E. S., a 

Sherlock, R. Structural ; Constr. 
Shilts, W. L., NGuoateret 

Short, W. I., "Surveying ; Drawing 
Shuman, . C., Mech. & Mat. 


E 
Simpson, W. M., Structural 
Sims, ¢ EB. 
Sime. J y Drawing 





Skelton, R., Struc., Trans., Constr. 
Smith, ‘ive L. 

Smith, F M. . Surveying; Eng. Drawing 
Smith, G. I. 

Smith, 4 


Smith, °s., Surveying; Eng. Dr. 
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L., Struc. ; Hydr. 

Snyder, M. K., Structural; Sanitary 
Spears, 8S. M., Structural; Surveying 
Speiden, H. W., Hydraulics; Sanitary 
Spencer, W. R. 

Springer, G. P., Trans.; Surveying 
Spry, F. J. Surveyi ing 

Squire, E B. J., Structural 

Staley, H. R., Bldg. Constr. 

Stanley, R L. 

Steinman, D. B., Struc.; Architectural 
Stevens, R. L., Struc. ; ; Transportation 
Stewart, * 0. bate a Transportation 
Stocking, B J., nel 
Straub, a G., Bivuctoret: Hydraulics 
Streeter, Vv. i. Mech. € Mat. 

Stubbs, F. yt Structural ; Construction 
s , Structural ; Surveying 
Sutherland, “Hale Structural 

Swanson, H A., Struc., Survey. 
Sweetser, E. O., Structural ; Construction 
T’ang, C., Struc. Hydraul ice 

Taylor, A. D., Mech. & Mat. 

Taylor, D. W., Sotl Mechanics 

Taylor, F. M., surveying 

Taylor, W. C.. Surveying; Sanitary 
Thatcher, R. ¥., 

Theroux, F. R., Sanitary 
Thoman, W. H., Mech. & Mat. 
Thomas, F. 
Thomas, H. A., Hydraulics ; Sanitary 
Thompson, H. L., Sanita 

Thompson, J. T., Struc., 

Thompson, Sophus, ey oe? : Mech. é Mat. 
Timby, B. K. 

Todd, M. W., 

| a ar G. E., Construction 


Tresise. F. ¥- Drawing 

Trively, 

Trowbridge. AD. S., Survey.; i Bon. é Mat. 

Troxwell, G. F., Mech. & M 

Tschebotarioff, G. P., Soil Mech. 

Turner, A. S. 

Uhler, EB. H., Structural; Mech. ¢ Mat. 

Underwood, P. H., Surveying ; Math. 

Van Buren, M. H., Struc.; Mech. & Mat. 

Van “e Broek, Z. A., Struc.; Mech. € 
Mat 


Snader, D. 





Trans. ; Economics 


Van Driest, E. R., Aeronautics 

Van Hagan, L. F., ’ Economics 

Van Ornum, J. L. 

Vawter, J., Structural 

Veit, R. C., Structural 

Velz, C. J., ag | 

Villemonte, J. R., Hydr., Constr. 
WwW. O., Hydraulics 


Walther, C. H., Structural 
Wandmacher, é., Structural 
Watts, C. T., Drawing 
Watwood, V. B. 
Weaver, F. N., Mech. & Mat. 

eeden, H. A., Mech. & Mat. 
Welch, F. W., "Surveying 
Wells, M. B., "Structural ; Aeronautics 
Wendt, W. B., Construction 
Wessman, H. E., Structural ; Constr. 
tag B. A., San 

hite, J ‘Mech. & Mat. 


_ om 
R. 
oe + Surveyina 
. P., Architectural Eng. 


. W., Surveying 

, Structural 

. Transportation 
ms, B. Drawing 


Will 
J., Hydraulics 
W. 


Williams, J 
Williams, J 
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Willig, W. L., Surveying; Structural 
Wilsey, E. F. 
Wilson, D. M., Structural 
Wilson, F. C., Sanitary 
Wilson, F. W., 
Wilson, W. E., Hudraulics ; Mechanics 
Wilson, W. M., Structural; Mech. & Mat. 
Winfrey, R., Valuation 
Winn, H. F., Mech. & Mat. 
Winterkorn, H. F., Soils 
Wiskocil, C. T., Struc.; Hyd. 
Witmer, F. P., Structural 
Wood, H. W., Mech. & Mat. 
Woodburn, J. G., Hydraulics 
Woodward, 8S. M., Hydraulics 
Worley, J. S., Transportation 
. C., Structural ; Mech. & Mat. 
, i Hydraulics ; General 
z = ‘ fates Mech, & Mat. 
oung, urveying 
Zelner, O. te Surveying 
Zipprodt, R ; R., Structural ; Construction 


Structural 


ECONOMICS 


Brozen, Y., Chemistry 

Bowman, D. O. 

Cooley, H. B., Civil, transportation 
Davey, H. W., Social Science 
Ennis, W. D., Ind. Eng. 

Garrett, s. 8. 

Goetz, B. E., Industrial 

Grant, EB. L., Civil ; Industrial 
Hastings, H. B., Industrial 

Larkin, J. D., Pol. Science 
Lindemann, A. J., Industrial 
McKenry, Nell 
Miller, Nathan 
Palmerton, L. R., Hng.-Social Sct. 
Peterson, A. I., Industrial ; Mechanical 
Schweiger, A. J., > ee tnegreenee € Business 
Scrimshaw, Stewart 

Simon, H. A., Political Science 
Simonds, R. H., Industrial 

Van Winkle, a H. : 

wena a 
Wright, 


ELECTRICAL ENGINEERING 


sychology 
re "ott zenship 


saan, “ * fay f ta 
Ager, i ower 
rid ly R. We ,*Power ; Communication 

Albert, A. L., Communication 
Alliason, A. R., Power; Communication 
Allured, R. 
Anderson, H. W., Communication; Math. 
Andres, P. G., Communicat ton 
Angerman, Ww. G., Pow 
Armstrong, B. H., Commentention 
Arnett, L. C. 
Attwood, 8. 8., Physica 
Ayres, E. D., Power ; General 
Baccus, I. B., Power 
Bailey, B. F., Power 
Balsbaugh, J. C., Pow 
pervews, W " bocter; Illumination 
Barry, J Physics 
Bauer, W. Ww. Sd, Power ; Communication 
Baum, Harry, Power 
Beach, pote, Power ; Illumination 

, Communication 

, Power 

Power 
Beck, L. E., Power 
Benedict, R. R., Communication 
Bennett, Edward, Power; Commun. 
Bennett, R. D., Physics 
Benson, A., Power 
Bernier, J. C., Physice 








ction 


OCCUPATIONAL DISTRIBUTION OF MEMBERSHIP 199 


Bewley, L. V., Power 
Bibber, H. W., Power; Math.; Physics 
Bingham, L. A., Power 
Blalock, G. C., Power 
Bliss, W. H., Communication 
Boast, W. B., Power Illum. 
, BE. L., Communication ; Indus. 
, J. H., Power 
Branch, W. H., General 
Brennecke, C. G., Commun. ; Physica 
Brenton, Walter 
Bronwell, A. B., Commun. 
Morgan 
. 8., Power 
Cc. W., Communication 
ae 2 Power, Comm. 
eneral 
Browne, W. He Power ; Illumination 
Bryant, J. M., Power ; Illumination 
Buchanan, R. 


Tllumination 
"Power 
. E., Communication 
Canfield, , Power 
Cannon, +» Power, Comm. 
, Mathematics 


ey 3 } ema 
ow 
, Drawing ; Mathematics 
.” Power; Communication 
Power 


Clements. 8. + 
gee oS => saan Drawing 


. J.. Communication 
Credle, A. B.. Communication 
Creese, M., Power 
Cromwell, P. C., Power 
Power 
, Power 


omer? Industrial 
,» Mech. & Mat. 
"Mech. & Mat. 
iso) , Power 

Dillingham," fo Communication 

Dixon, hg s., Tumination 

Doggett, % A., Power 

Douglas, - HL, Physics 

Dow, W. a. Physics 

Dreese, B. B. 

Dudley, A. M., Power 

Dunn, C. H. 

DuVall, W. C., Power 

Dyche, H. B., 

ames, A. V., Power 

Fadison, 0. B., Power; Tlumination 

Edson, w. A., Power ; Comm. 

Ellithorn, H. B., Communication 

Emrick, P. 

Resigmann Su. w., = Sine 

Evans, 8. 0., Pow 

Everitt, w. LL. Commentention 

Ewing, Di D., Power 

Fairburn, A. J. B., Power 


Faucett, M. A., 
Faweett, oC. D., > 
G. J., "Communication 
., Power; Communication 
Fischer, D y 
Fish, F. A., Power 


a 
, Power; Illumination 
ar Illumination 


. & Mat. 
, [lumination 
Fouraker, R. 3” 
Frame, F. H., Power 
Frazier, R. H., Power 
Freeman, B. H., Power 
pay ol L. F., Power; Communication 
Gaffo' B. B.. Power 
Galbraith A., Power 
Gamble, W. Bf Communication 
Garrahan, Cc. J., Communication 
Gibson, R., Power 
Glasgow, R. S., Communication 
Glenn, K. B., Communication 
Goddard, E. G., Power 
Goldsmith, A., Power 
G eart, C. F., Power 
Gorham, R. C., Power ; Economics 
Govier, C. E., Communication 
Grandi, L. L., Power 
> H. E. 
S., Blectronics 

Gray, W. F., [Uumination 
Greenstein, "Philip. Communication 
} pon ong CA 
Gross, BE. T. b “Mathematics 
Guse, C. E., Po wer 
Hall, W. B.. Power; Communication 
Hamlin, E. W.. Communication 
Hanstein, H. B., P 

rnes T., Power 
Hartig, _E. ‘Communication 
Hattrup 
Haupt, L. M., ‘Power 
Hayward, H. N., Power 
Hazen, H. L., Power 
Heath, BE. B., Power 
Henderson, R. B., Power 
Henry, M., Power 
Hess, BE. A., Communication 


Ci Power 
“N. & Power 
Bf Tlumination 
St. J.. Power 
Hoadley, - m ‘Mathematics; Physice 
ag 


. Power 
+ Communication 
= 


. C 
2 Po ower ; or; Methemetics 
p L. 


Power hematics 
‘ower ; wr dnieinotton 
Power 


D: 

Hudson, P. 

Highs Mt 
R, H., ys +; Oommuntoation 


0. D., Illumination 
ag a Communication 
wer 
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Jenkins, D. R. 

Jenkins, H. M., Economics 

Jewett, F. B., Commun. ; Ind. Adm. 
Johnson, E. , Power; Illumination 
Johnson, J. H., Power; Illumination 
Jones, E. C., Power 

Jones, R. W., Machine Design 
Jordan, H. G., Power ; Illumination 
Jordan, Wm., Physics 

Jorgenson, sd M., Power; Physics 
Kammerman, J. O., Power 

Karr, J. H., Power 

Kebernick, O. C., Power; Math. 
Keever, L. M., Power 

Keith, G. M. 

Kelso, L. EB. A., Power 

Kerchner, R. M., Power 

Kimbark, E. w.. Power 

King, Morland, Communication 
Kingsley, C., General 

Kinney, EB. B., Power 

Kinsloe, . L., Power 

Kloeffier, R. G. 

Knight, A. R., Power; Illumination 
Knipmeyer, Cc. C., Power; Mechanical 
Koerber, A. 

Koopman, R. J. 

Kraehenbuehl, J. S. Power Comm. 
Kraybill, E. K., General 

Kuhimann, J. H., Power 

Kurtz, E. B., Power; Illumination 
Lamb, J. F., Power 

Lange, E. O., Power; Industrial 
Laning, W. A., ot pau agate 
Lansil, C. E., Pow 

Larsen, M. J., Communtontion 
Larson, L. C., Power 

Laurence, J., Mathematics 

Leblanc, F. 

Lear, J. K., Illumination 

Lee, Claudius, Physics 

Lehman, L. G., Power 

Lickey, H. F., Commun. ; Illumination 
Lindvall, F. C., Mechanical 
Liwschitz- Garik, M. 

Locke, W. W., Educational Administrator 
Lockwood, H. J., Power; Communication 
Lott, A. ., Mechanical 

Lovell, Ww. E. 

Lovett, Il. H., Power 

Lueth, I. B., Power 

Lutz, S. G., Power; Communication 
Marchant. G. B., Eng. Drawing; Math. 
Mallory, D. D., Power 

Manning, M. L., Power 

Markle, E. W., Power 

Mason, H. R., Power 

Maxfield, H. A. 

Maxwell, F. R., Power; Aeronautics 
McClain, F. H., Power 

McClure, O. E., Power; Physice 
McCrumm, J. bd. Power ; Mathematics 
Melliroy, M. &., Power 

McKee, E. R., ” Power ; Communication 
MeMaster, R. C., Power ; Illumination 
MeMillan, F. 0.. “Power ; Physics 
Miller, J. B., Pow 

Miller, W. J., omer: Illumination 
Millman, J. 

Mills, G. H., Power 

Miner, D. F., Power 

Moench, H. A., Communication 

Moore, A. D. 

Morgan, M. G., Physics 

Morgan, R. B., Physics 

Morgan, T. H., Power 

Morton, P. L., Power 

Mowbray. W. J. 

Mueller, G. V., Power 

Murray, W. A., Communication 


Naeter, Albrecht, Power 
Nash, C. A., Power 
Nelson, P. H., Power; Comm. 
Newell, H. H., Communication 
Nichols, B. H., Power 
Nims, A. A., Power; Communication 
Norris, C. B., Power ; Communication 
Norris, F. W., Communication 
ose gg J. A., Power 
Nudd, P . Power 
Power 
. e Communication 
Communication 
Oler, C. B., Power 
O’Mears, T. J. 
Osborne, H. S., Communication 
Osburn, O. B. 
Paine, E. B., Power. 
Palmer, H. B., Power 
Patterson, G. R., Power 
Pearson, D. S., Power; Physics 
Pease, E. M. J., Mathematics 
Peet, J. C., Power 
Peirce, G.'R. 
Peterson, E. F., Power 
Pettit, J. M., Physics 
Pierce, C. A., Mathematics 
Plowman, A. 8. 
Poole, F. L., Power; Physics 
Porter, G. M., Power 
Porter, Kk. G., Communication 
Potter, J. L., Communication 
Powell, ra — 
Powers, A. R., wer 
Price, H. W., cme Mechanical 
Price, J. R., "Power 
Puchstein, A. F., Power; Mechanical 
Pullen, M. W., Illumination 
Pumphrey, F. H., Power 
Putnam, R. C., Power; Illumination 
Quarles, L. R., Power; Communication 
Ray, B. M., Power; Math. 
Record, F. A., Physics 
Reed, H. R., Power 
Reed, M. B., Mathematics 
Reich, H. J., Communication; Physics 
Reid, E. A., Power 
Reintjes, J. F., Communication 
Reukema, L. E., Communication 
Rhodes, 8S. R., Power 
Rhodes, W. K., Power ; Illumination 
Rice, Philip x, Power 
Richards, HM. K., Power 
Ricker, C. W., Power ; Communication 
Rittenhouse, L. H., Communication 
Rode, N. F., Power 
Rohr, E. K., Power 
Rollins, E. B., Power 
H., Communication ; Math. 
, Aeronautics 
Mathematics 
Russell, ‘Chester, Power ; Illumination 
Ryder, a. D., Communication 
Sabbau h, E. M., Power ; Communication 
Sandorf, 3 J., Power ; Communication 
Sarbacher, 
Satullo, A. R. 
Schealer, 8S. R., Power 
Schulz, B. H. 
Schutz, H., Industrial 
Schwarzlose, F. 
Scott, C. F., Power 
Sechrist, G. H., Power; Communication 
W. J., Communication 
Seely, 8S. 
Seibert, C. B., Power; Comm. 
Selvidge, Harner, Communication 
Shaff i, 7 * Drawing 
Shaw. , Communications 
Shead, P Physics 
Sheltcn, E B., ower 
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Sheppard, H. S., Communication 
Shipley, EB. D., Communication 
Shorey, L. F., Power 
Sibila, K. F., * Communication 
Siegfried, Victor, Power 
Simrall, H. C., Power ; INumination 
Siskind, R. P., Communication 
Sitz, E. L., Power 
Slavin, W. A., Power 
Slichter, W. L., Power 
Sloan, K. D., Power 
Small, Be Power ; Comm. 
Smith, i F., "Power 
, Power ; Communication 

A Ag Power ; Comm, 

. J. M., Physics 
§ . C., Communication 
Smith: Vv. G., Power; Communication 
Snook, R. C., Drawing 
Sohon, H., Mathematics 
Sorensen, R. W., Power ; Economics 
Spencer, F. A., Power Plants 
Stauder, L. F., Power 
Stavely, E. B., Power 
Stelzner. W. B.. Power; Illumination 
Stevenson, W. D., Power 
Stiefel, K. J. 


Stockwell, F. C., Communication 


Stout, M. B., Power 
Straiton, A. W.. Physics 
Strong, B. M., Power 
Sublet, F. G. 
Swenson, G. 
Tang, K. Y., 
Tapy, R: W. 
H. 
R., 


W., Power; Communication 
Mathematics 

Power 

Power 

Power ; General 
Power ; Math. 


Purples, : on 

Teare, B. 

Terwilliger, Cc. Van 0., 
Thomas, M. A., 
Thomas, w. A. 
Tilghman, H. 

Tilles, Abe, Power; Communication 
Timbie, W. H.. Power 

noma GS. 7 Physics 


id, M. E., Power 
Tompkins, F. N., Power 
Topping, A. N., Power ; Illumination 
Torgersen, H., Power 
Towle, . Power 
Tracy, G. F., Power 
Trueblood, R. O., Mechanical 
Tucker, Cc: E., Power; Communication 
Tudbury, C. Power 
M., ” Power ; Communication 
iy ‘Power. 
Tuthill, J. K.. Pow 
Tykociner, J. T., Demmentention 
Vail, C. R., Power 
Vaile. R. B., Power; Communication 
Valade, EB. A., Power 
Van Wambeck, 8S. H., Power ; Commun. 
Ver Planck. D. W., Power 
Vivell, A. = Power ; Communication 
Voorhies, M. B. 
Waidelich, Mp. L., Communication 
Wakefield, H. 
Walker, BE. A., Physica 
Walker, H. N.. Power: Illumination 
Cc. M., Commun. ; INumination 


., Power; Communication 
p Peers Illumination 


Weil, , Power 


Weinbach, M. P., Power 

Welch, E. R., Power 

Welke, R. Economics 

Whipple, C. c., Power ; Ilium. ; Gen. 
White, . ¥ "Eng . Dr. 

Widexer B. McK” “Tlum.; Math.; Phys. 

Wildes, K. L., Power 

Wilkinson, R. 1., Communication; Math. 

Williams, E. Mt, Communication 

— L. E., Power 

Willis, B. S., Power 

Willis, Cc. H., Power 

Willson, F. G., Power 

Wilson, J. w.. Power 

Wilson, N. E., Power 

bk nag Dy S. B., Power 

Wing, A. H., Stage <2 ema illuminating 

Win ler, BEB. W., 

Wischmeyer, C 

Witham, R. L. 

Wolf, H. E., Physics 

Wood, F. R., Mathematics 

Wood, J. A., Communication 

Work, W. R., 


ih Powe 


Power 
‘ Wright, D. ii., Power ; Illumination 


Young, M. G., ‘Communication 
Zimmer, A. R., Power 


ENGINEERING DRAWING 


Aakhus, Theodore, Electrical 
Adams, W. E., Aeronautics 
Allen, G. M., Architecture 
Appleby, A. N., Geology 
Arnold, J. N., Electrical ; General 
Atkinson, M. "B., Industrial 

———" G. ¢. 

Balint, _T., Electrical 

Bauer, re ;’ Mechanical, machine design 
Berard, S. : Mechanical 
Bettencourt, W., Shop 
Bragg, F. C., Mechanical 
Brattin, C. ij Mechanical ; 
Briggs, H. B., Mechanical 
Brock, G. H. 

Brooke, W. E., Mathematics 
Brown, R. E., Mathematics 
oe Se W. F.. Architectural 
Buck, C. Civil 

Bukovsky, Pe. N. 
Butler, J. H., Mechanical ; Mechanics 
Butler, R. S., Civil, structural 
Castleman, i. R., Civil 

Cecil, J. ech. & Mat. 


M 
Chillman, — 
leohantest, machine design 
8 


Mech. @ Mat. 


Cleary, S. F., 
Cleland, S. M., 
Clemens, G. J. 
Cole, R. W. 

Cooper, c. D>. 


Cooper, L. 
po oy ¢ W., Mech., mach. design 
Crossman, R. Civil surveying 
Davis, D. B.,. Grecnentoct . é Mat. 
Denis, Bro. L re none 

: San. B. 


vil 
Architecture 
eS, fa R. G., Chemical Eng. 
B. We English 


, Civil, structural 
Civil 


Egge H. 

Elrod, 8. a Mechanical 

Fairbanks, O. W., Mechanical 

Farnham, W. E., Mechanical, mach. des. 
Fenwick, H. H.. ‘Industrial ; Mechanical 
Field, W. B., Architec 

Finch, F. R., * shnonteet vmechine design 
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Fitch, W. C., Heonomics 
Fowler, R. W., Mechanical, mach. design 
Freeman, M. L., ee 
French, R. W., Civi 
French, 4 
Gatcombe, K. 
Gerardi, Jasper, Civil, surveying 
Gingrich, > 
Goodrich, 
Gorman, we we 
Grant, H. B. 
Hachemeister, C. A., Blectrical 
Haentjes, C. H., Mathematics 
Hales, V. D., Civil, surveying 
Hall, 8. G., Mech. & Mat. 
Hayes, s. ¢. J. Oiwil 
Heacock, F. A., Civil; Sanitary 
Hein, J. M. Architectural 

., Machine Design 

. C., Mechanical, machine design 


Shop 
* bolt ; Mechanical 


Hoelscher, R. P., Civil, structural 
Hoffman, P. c.,’ Mechanical 

Holland, U. C., General ; Shop 
Holman, L. W., Architecture 

Hood, G. 

Howe, L. 

Hughes, .R., Civil, surveying 

Jewell, W. R., Machine Design 
Johns, W. "Mechanics and Materials 


B., 
Johnson, L. O. 
Johnson, 7 .” Civil ; Mathematics 


Johnson, 
Jones, L. 
————, Albert, Civil ; Mech. & Mat. 
, Machine Design 
. ” ‘Architecture 
Machine Design 


R. 
Kleinschmidt, R. B., Civil; Mathematics 
Kurtz, J. 
Ladner, A. c., we trpeande Mech. & Mat. 
Leighton, A. W 
Loving, R. O., Mathematics 
=" D. J., Architectural 
Lurie, A. N., Architecture; Mech. & Mat. 
Mann, Cc. V. Civil ; Psychology 
Mara, H. W., Mathematics 
Markowitz, Jesse, Aeronautics 
Maute, B. W., Mathematics 
McCombs, G. ys Civil, structural 
McConnell, R. K. 
McCully, H. M. 
McCully, H. a" r. 
McFarland, J. Electrical 
McGuire, J. G., nf oll 
McKee, H. L., Mechanical ; Shop 
MeNeary, Matthew, Civil 
MeNeill, W. H., Civil 
Meadowcroft, N. 
Meiklejohn, R. 
Merrill, D. W., Otwil 
Meserve, G. H., Civil, surveying 
Miller, F. C., Mechanics an Materiale 
Minkler, H. 
Mitcham, J. T., Mech. & Mat. 
Moore, E. R., Bhop 
Moose, P. E., Cwil, surveying 
Morris, H. 
Mullins, B. F., Civil, surveying 
Myers, H. D., ‘Owil, ‘structural 
Narmore, P. 
Nash, T. L., General Physics 
Neal, H. P., Mechanical 
Nettleton, B. B. 
Nollau, L. B. 


Normand, H. C., Civil 

Northrup, R. T., General 

Olson, O. A., Mechanical 

O’Rourke, F. J., Mathematics 

Orth, H. D. 

Osborn, F. C., General ye Shop 

Osborne, D. 8.; Mech. & M 

Paffenbarger, R. S., samuel; Industrial 

Patten, L. M., Architecture 

Paulsen, Fridtjof, Math. ; Mechanical 

Pearson, J. 

Perrymen, ce ¢c, Industrial 

Phelps, G. M., Civil, surveying 

Philby, A. J. 

Pierce, S. H., Electrical 

Pirchio, P. M., Foreign Lang.; Shop 

Plock, Henry, Civil 

Plummer, C. R., Machine Design 

Polaner, J. L., Mechanical 

Pollard, J. J., General Eng. 

Porsch, J. H., Civil; Mech. & Mat. 

Porter, F. M., Architecture 

Potter, O. W., Mineral Tech., metallurgy 

Pratt, G. M. 

Quaid, L. J., Hydraulics, math. 

Quinn, G. S., Mech. & Mat. 

Radford, S. S., Shop 

Rappolt, A. 

Rising, Justus, Mechanical; Shop 

Robertson, J. B., Mathematics 

Rowe, C. E., Min. Tech. 

Rule, J. T., Mathematics 

Russ, J. M., Mechanical; Shop 

Sawyer, R. A., Civil 

Schumann, C. H., Civil, structural 

Shiels, K. G., Mechanical 

Slantz, F. W., Civil; Mechanical 

Smith, G..B. 

Smith, W. G., Mechanical, machine design 

Smutz, F. A., Mechanical, machine design 

Snook, R. C. 

Spencer, H. C., Architecture 

Springer, C. H., —- structural 

Stevason, C. C., hop 

Stewart, E. H., * camliotabe 

Stock, O. L., Architecture 

Stone, oO. M., Architecture 

Stork, W. L., Electrical 

Street, W. E., Industrial ; General 

Svensen, e. aR Architecture 

Taylor, W. H. 

Tea, P. L., Mathematics 

Temple, E. H., Mechanical, mach. design 

Thayer, H. iy Civil ; Sanitary 

Thomas, A. L., Mechanical, mach. design 

Thomas, L. W., General 

Toporeck, EB. R., Hlectrical 

Townsend, C. B. 

Tozer, E. F., Mechanical 

Turner, W. W., Architecture 

Vidosic, J. P., Mechanics 

Vierck, J. 

Wagner, W. O., Hydraulics 

Walker, L. D., "Civil, surveying 

Walsh, F. W., Architecture 

Walsh, H. V. 

Warner, F. M., General 

Webb, EB. A Shop 

Weber, H. * fs Mechantos and Materials 

Wellman, B. "L., Mech.; Mech. & Mat. 

Whenman, J. H., Mechanical 

Willey, EB. C., Mechanical 

Williams, J. G. 

Wilson, B. N., Architectural 

Wilson, EB. R., Mechanical, mach. design 
ood, A. B., ‘Mechanical, ‘machine design 

Wood, J. N., Blectrical, Allumination 

Worsencroft, R, A., Civil 

Zozzora, F. 
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ENGLISH 


Abbuhl, Fred 

Adams, " 

Anderson, Victoria 

Ayers, J. A., Psychology 
Bartlett, H. R., History 

Birk, W. O. 

Bowman, R. §S., Foreign Lang. 
Bowmer, W. 8. 

Brandt, C. G. 


Burkland, 

Callaghan, . C., Speech 

Coie, J. 8. 

Crane, W. 

Creek, H. 

Crouch, W. q. » Parae Lang. 

Dumble, W. R 

Fisher, BE. G. 

Fountain, A. 

Gertz, F. 

soceeey, W. P. 

Gould R. 

Guthrie, 3.0. Psychology 

Hall, A. V. 

Harrison, T. P. 

Hartley, L. C. 

i ay Walter, Foreign Languages 

Knoll, H. B. 

et, ww 
Cc. 
S., 


‘oreign Lang. 


. Electrical 


Lingeman, 
Lynch, W. 
Maurer, R. 
McClintock, E. ‘., Economics 
McDonald, P. B. 

Morgan, S$. 8. 

Morrison, DB. 

Newman, C. M., Foreign Languages 
Nugent, H. H. 

Nyland, Waino 

Park, C. W. 

Parr, Johnstone 

Parrott, A. A., Mathematics 
Pepper, L. R. 

Price, Robt. 

Raw, R. M., Economics 


F. N. 
L. A., Foreign Lang. 


A. M., For. Languages ; Econ. 
, George 
w. O. 


fiw manities 


, B.A. 
Thompson, K. O. 
Thornton, J. B. 
Tucker, S. M. 
Vaughan, J. L. 
Wabnitz, W. S., Foreign Languages 


m3 
A. B. 
Young, H. k. 


FOREIGN LANGUAGES 


Atwood, L. L., History 
Greiner, O. A., English 
Middendorf, H. 
Scheifley, C. K., History 


GENERAL ENGINEERING 


Adams, H. C., Naval Arch. 

Ades, C. §8., Civil 

Alger, P. L. 

Anderson, C. A,, Electrical ; Mathematics 
Andrea, 8. ¢. 


gg Mech. & Mat. 
,» Mach. Des. 


in ‘Ivewiag: Mechanical 
rathematics 
«+ Civil 


Hyde, T. B. 
— H. H. W., Naval Arch. & Marine 


Keith, J. 1., Food Eng. 
King, D. H., Architecture 
Lin emann, "a. J. 
Main, C. Industrial 
Megeath, S. A. 
Mitcham, J. T. 
O'Leary, A. M., Mathematics 
Reissner, Hans 
Rowland by M., Architecture 
Sette, F. = eed ; Sanitary 
Van Dyk re 

an €, 
Weed, J. M. 
Wilcox B. R., Civil, hydraulics 
Wilcox, J. E., ’ Electrical, power 


INDUSTRIAL ENGINEERING 


Alexander, W. T., Mechanical, mfg. proce. 
Andrews, 8. C. 

Armstrong, W. H., Shop 

Ba k M. 


J. R., Economics 





H. R., 
cS We Engineering Drawing ; Shop 
. B., Economics 
Brooks, J. -— Economics 
Brozen, Yale 
Bullinger, C. E., Economics 
Busse, F. A. 
Carr, H. M., Sho 
Carson, G. B., ath. Proc. 
Collins, B. K., Shop 
Connelly, J. R., Mechanical 
Crouch, J. E., Power Plants 
vor, L., Mechan 
Edges a atoll tee tati 
r, K. K., , transportation 
Edwards, J. C. 
Emerson, L. A., Education 
Eppelsheimer, D. 8. 
Fairchild, BE. L., Mechanical 
Filipetti, G. 
Foos, C. B., Mig. Proc. 
Ganong, W. L 
Gilbreth, L. M., Mechanical; Psychology 
G M. R., Economics 
Greenwald, b. U., Mech.; Mech. & Mat. 
o> ag Sa % oy Mechanical 
ty ‘Economics 
, Min. Tech., metallurgy ; Shop 
. R., Mathematics 


is ical 
Henderson, D. Pm Mfg. Proc. 
Mechanical 


Holme, T. T., 
Hummel 0. P., Economics 
Hunt, M. W., Mach. design; Heat Power 
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Hussey, R. A. 
Ingalls, J. ag Research 
Ireson, W. ‘eee? 


Ps The * Economics 


Lucas, EB. ; ei Mechanical 
Lytle, C. W., Economics 
Mabie, H. H., Mechanical 
Mahaney, J. P., Shop 
Millard, C. L., Eng. Drawing ; Mechanical 
Miller, ‘A. M., Economics 
Miller, J., Economics 
Mock, C. O., Drawing 
Morgan, J. ¢. Cooperative 
Mundel, M. E., General 
Norton, Py. &.. "Economics ; Shop 
Pearce, F. Ww. Mathematics 
. O., Psychology 
a Drawing 
, Shop 
Porter, 5. B., Beshontent, mfg. proce. 
Query, L. H., "Mechanical 
| omg ae Walter, Economics 
Renner, W. 
Rhodes, pS Ps “Mechanical 
Riegel, J. W., Economics 
ec. Mi, 
Robson, F. B. 
Rogers, H. | General 
St. Cl  * ‘ty Seatocering Drawing 


, Psychology 

af 8 Indus. Relations 

"Economics 
Shybekay, D. 8. 
Sizelove, O. J., Electrical 
Spafford, . F., Economics 
Spriegel, Ww. R., Management 
Stainton, R. S., Drawing 
‘homas, _D. 
Thuesen, H. G., Mfg. Processes 
Van Winkle, E. H., Economics 
Walkup, J. K., General 
Watson, C. E. 
Widdop, R. 
Wilcox, D. B., 
Wilkinson, G. 
Williamson, J. 4 
Yeaton, P. ’O., Mechanics and Materials 
Younger, Jo hn, Shop 


gg eed Physics 
Economics 


LIBRARIANS 


Brunotto, Lorenzo 
Chamberlain, Marguerite 
Hyde, W. 
poral Hn 
Lane, Ruth McG. 

wis, W. D. 
Metealf, A. H. 
Moss, Helen J., English 
Nicholson, Natalie N. 
O'Farrell, J. B. 
Roush, M. B. 
Seaver, W. N. 
White, Myra 
Whitford, R. H. 


MATHEMATICS 


Allen, E. F., Physics 

Amelotti —, Physics 

Baker, E. 

Barnes, J. , a Electrical, communication 
Benner, J 

Bennett, A. A. 


Berry, W. J. 

Bibb, 8S. F., Industrial 

Binder, R.'C. 

Black, T., Eng. Drawing 
Bockhorst, R. W. 

Borgman, W. M., General 

erm al J. B., Mech. & Mat. 
Brenke, W , Physics 

Brown, BE. 

Bubb, F. Ww., "Mech. é Mat.; Physics 
Bullock, R. C. 

Burington, R. §S., Electrical; Physics 
Butterfield, A. D., Civil, surveying 
Campbell, W. B., "Mech. & Mat. 

Cc J. W., Mech. & Mat. 


H. 

Coweill. A. °P., Mech. & Mat. 
Craig, H. V., Astronomy 
Crout, P. D., Mech. é Mat. ; Physics 
Davis, W. MM. 
DeRonde, L. A. 
Dimick, C. E., ag er and Materials 
Dix, L. E., Civil 
Doeringsfeld, ~ A., Civil; Mech. & Mat, 
Douglass, R. D., General; Physics 
Drenick, R. F., Physics 
Duncan, D. 8., English 
Edmonson, Nat 
Fisher, H. A., Panieis 
Fithian, J. H. 
Fitterer, J. C., Civil, structural 
Ford, L. R., Physics 

. A., General 


os 
, H. M., Aeronautics 
Gelbart, ” Abe 
Goodheart,. E. J., Civil; Sanitary 
Graesser, R. F., Physica 
Graham, . 
Gunder, & wus Mechanics and Materials 


. EB. —— 


Scien 
Hatcher, T. W., Meohantoal 
Hedenberg, N ‘A. 

Hooke, Robert 

Hostetter, H. C., Physics 
Hoy, EB. A., Eng. Drawing 
Hunt, G. i. 

Hutchinson, C. A 

Hydeman, W. R., * Physics 
Jordan, H. E., Physics 
Jurdak, M., Civil Engineering 
Justin, E. M., Civil, surveying 
Kells, L. 

Knaebel, C. H., Physics 
Knight, R. M. 

Konove, Carl 

Krathwohl, W. C., Psychology 
Layton, W. I. Eng. Drawing 
Lehmann, C. 

Leonard, H. B., Mech. & Mat. 
Levine, Jack 

Lindsey, L., Mech. & Mat. 
MacDonald, J. K. L., Physics 
MacKay 

Mainaral, Pompey, Civil 
Maltby, L. L. 

Markle, G. B. 

Mask, 

Mason, Ww. E., Civil 

Miles, B. - 

Mil —— N. 

Miller, F. Ai Mech. & Mat. 
Millington, G. 

Mitchell, U. G. 








erials 
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Morley, R. K. 

Mumford, C. G. 

Nahikian, H. M. 

Nelson, A. L. 

Nordling, C. G. A., Mech. ¢ Mat. 
Oldenburger, R., Mechanical 
Owens, F. W., Electrical 

Park, H. V., Mech. & Mat. 
Peters, A. S. 

Peterson, D. F., Civil 


Reinsch, B. P., Mech. & Mat.; Physics 
Rice, Harris 
Rice, H. S., Chemistry 
Rietz, H. L., Economics 
Ritter, I. F. 
Robinson, R. H. 
Root, R. E., Mechanics ¢ Materials 
Rosenbach, I. B., Physics 
Roth, G. 
Runge, Bi L., Economics 
Seagraves, W. P., Mech. & Mat.; Physics 
Simester, J. H. 
ye os Drawing; Mech. & Mat. 


R., Physics 


Strane, A. J., Industrial ; “Mineral Tech. 
Stratton, W. T., Physics 
Straw. J. A.. Electrical 


Taylor, Edward. Drawing; Mech. & Mat. 
Thomas, C. F., Civil, surveying 

Thomas, D. Boyd, Physics 

Thomas, Evan. ae” 


K. 
Wheaton, HL. H., Civil; Mech. & Mat. 
Williams, F. H. M. 

Williams, H. P., English; Psychology 
Winton, 


a4 ae Aeronautics 
Wray, 
Yanai o ‘a Civil, structural 


din, 8. D. 


MECHANICAL ENGINEERING 


Albert Mach. Des.; Mech. & Mat. 

Aldrich, 3 Pi. We mts Math. 

Al nem pM geration 

Allen, "c. M., "Ref geration 

Allen, R. L. 

Gaprones, 2 Heat Power 

Amidon, L. Des.; Heat Power 

Anderson, on &. 

Anderson, C. Heat Power 

Anderson, E., vical Power ; Power Plants 

Andes, A. i Aeronautios 

Anthony R. L., Heat ere. Industrial 
D. L., Machine nem ul Heat Power 

Arnold, J . B. 

Auli 





Aeronautics 
ich, W. Ww. M., Mach. Des.; Hoon.; Eng. 
wing 


n. 
Best, H. =: 


Ault, E. 8S., Machine Desten: Mfg. Proc. 
Ayers, M. T., para > esign 


i; Mfg. Proc 
er 
Baumeiste or » Trot Power; Pr. ae 
ee. te eat Power; 
een, phy Des.; Mfg. 
tler, 8. Power 
hae 
Berger, F. 
Berry, C. 


, Heat Power ; per Plante 
Berryma ineral Tec 


L. G., 


Billings, H., Mach. Des.; Heat Power 
Billmyer, C. D., Machine Design; Indus. 
Binder, R. C., Mech, € Mat. 


Blumberg, L., Drawing 
. M. K., Heat Power; Agric. 


ga 

Bohlin, H. G., , Mach. F «ate Eng. Draw. 

Bolt, J. A. rv  Aerona 

Bolz, H. A., Mach. ye Mech. & Mat. 
OCesses 


Bowman, H. T., . 

Hae tee J. EB., ‘Machine Design. 

Brainard, B. B., Heat tage oR. iin. 

Breckenridge, R R. W., Mfg. 

Brown, A. I., Heat, Re wets 
. Heat Power 


P., Heat Power; Power Plants 
Buckingham, E., Mach. Des.; Mfg. Proc 
Budenholzer, R. A. 
Buerer, W., Heat Power 
Burr, A. H., és é Mat. 
nie T. 
Calhoon, F. “eat Power 
Cameron, Edy Heat Power 
Heat fas sua 
Candee, F. W 


Carmichael, ¢ J ag ‘Machine Design 
Carpenter, EB. L. 
Carvin, F. D., Heat Power ; Refrigeration 
Casberg, C. Mfg. Processes 
Case, A. A., hop 
Cather, H. M., Heat Power; Power Pls. 
Ca wood, T. G., Mach. Des. ; Mfg. Proce. 
Cejka, J. B.. pene: Draw.; Mech. & Mat. 
Challender Mechanics 
Chemie J. gh . Proc. 
Chapman, L. B., 
Chapman, R. G., Mech. % Mat. 
Cc S .. Mach. Des.; Power P. 

.. Mechanics ; Eng. Drawing 

, Power Plants ; 
’ Machine Des. 
., Aeronautios; Metallurgy 


Cleghorn, M. P., Heat Power; Power Pils. 
lower. J. 1. .* a Design 
ower. ac 
pre R. W. 4 reas 
‘oogan, C. a 
Coonradt, ie ag me 
Cope, & L., 
Coven 5 2 Tales Power 
Co > Mfg. 


Cowie, * diexahder, ‘afackine ee 
Crawford, C. W. 
Crofoot, G. B., reat 





| 
A 
x 
| 
2 
; = 
} 
‘ 


sorrel 


Uo Si a a oe BLD 





206 OCCUPATIONAL DISTRIBUTION OF MEMBERSHIP 


Croft, H. O., Heat Power; Economics 
rome oO. £. Heat Power 

_F.I ti Heat P Processes 

ge A Power; Industrial 


= i 3 
.» Indust a 
Davis, 8S. 8., Heat P 
Dawson, E. ¥., Air FGonditionin 
Heat Pr.; Indus. 
:, Heat Power ; Power Plants 
eat Power; La aes Plants 
J., Heat Pow 
Devor, B. iL Mach. Des. ; WY9. Proce. 
Diakoff, A. J. Aeronautics 
Domonoske, ALB. 
Donnell, L. H. 
Donovan, E. T., Heat Power; Power Pls. 
Doolittle, J. S., Heat Power; Refrig. 
Dorrans, J. M., Shop 
Doughtie, V. wi Machine Design; Aeron. 
Dowell, awson 
Downard, R. 
Downs, J. BT 
Dows, H. ani digg. Processes ; Shop 
Duncan, 8. a ach. Des.; Heat Sewer 
Dunham, H F, Mech. Design 
Dunlap, A. ‘te Mechanics and Materials 
DuPriest, J. R., Mach. Des.; Heat Power 
Durand, W. F. 
Dusinberre, G. M., Heat Power 
Eames, Ps J Heat Power 
Eaton, 
Bbeugh nw C., Heat Power 
‘2 Heat Power; Refrig. 
W., Aeronautics 
S., Heat Power; Refrig. 
Machine Design 
E zondo, A., Mechanics and Materials 
Ellenwood, F. O., Heat Power; Refrig. 
nag B. G., Heat Power; Power Plants 
a "Heat Power; Power Plants 
W. D., Heat Power ; Power Pls. 


. Ww. 
¥. 
es 

a 


. A., Heat Power 
", Heat Power ; Refrigeration 
-, Mech. & Mat. 
Mach. Des.; Heat Power 
. Heat Power; Mach. Des. 
Fiuid Mechanics 
Fellows, J. R., Heat Power; Civil 
Fernald, , Heat Power 
Fernow. » Heat Power ; Refrig. 
Ferretti, » Heat Power; Refrig. 
Ferris, D. 1 
4 cece A., Refrigeration 
Fineren, W W., ‘Mach. Des. ; Eng. Draw. 
Finnegan, I. B. 
Fisher, D. A., Heat Power 
- Fire Protection 


¢. Heat Power; Power Pls. 


Finnegan, , 
Fleming, D. 
Flinner, A. 
Folk, J. * 
Ford, A. D., Saeneinie 
Fornes, . G., Machine design 
Forstall, nd Industrial 
Fry, H. , Drawing 
Fullan, uM al 
Fullerton, H. 
Gall, W. R., 
Gallalee, J. M., Heat Power; Power Pls. 
Garman, a, ag ot Plants ; Mechanics 
Gatcombe, Machine Design 
Gauss, + » oadaes Design, Refrig. 
Geiger, J Heat Power 
Giannini, . C., Heat Power 

, Heat Power; Power Plants 

B Heat Power 

W., Aeronautics 


; Bay. Drawing 


Gilpin, C. A. 
Gjesdahl, M. S., Machine Design 
Gleason, J. G., Aeronautica 
Godeke, H. F., Mfg. Proc.; Heat Power 
Goglia, M. 7 Sag yee g 
Gorman, W. M., Shep and Mechanic Arte 
H., Mée é Mat. 
ie Heat ‘Power 
2 x Machine Design 
E., Mfg. Proc. 
Green, B. M., Machine Des. 
Green, A. 
Green, Ww. P., Heat Power 
Greffe, C. D., et eng 
Grimison, E. D., Heat P 
: 5 Mach. Rant Fy pe Drawing 


Grosser, C. E., Machine Design 

Grosser, % R. 

Guerdan, G A., Mach. Design; Mfg. Proce. 
Hagerty, Ww. W., Drawing 

Hall, C. A., Heat Power 

Hall, 8S. R., he ag 2! sey | 

Halliday, W . R., Machine Design: Eng. 
Ham, C. W. Machine Design; >. Proe. 
Hamilton, H., Heat Power; Sho: 
Haney, J. Ww, Heat Power ; Power Plants 
Hansen, H. x. E2, erimental 

Hanson, K. P., Heat Power 

Hardgrave, J. C., Mfg. Processes; Shop 
Harper, E. A., Min. Tech., pet. é nat. gas 
Harrington, R. L., Industrial 

Hawkins, G. A., Heat Power; Power Pls. 
Hawley, R. S., Industrial 

Hay, BE. D., Industrial; Aeronautics 
Hayes, L. D., Machine Design; Industrial 
Hays, F. B. 

Hazen, J. be Heat Power; Refrigeration 
Heath, C. 

Hebrank, ot F., Mfg. Processes 
Helander, Linn, Heat Power; Power Pls. 


Hem, L. Pk 
Henika, J. H., Shop and Mechanic Arts 
Henry, G. F., "Dr.; ; Shop. 
Henry, J. A., Heat Power 
Hersey, M. D., Physics 
Hetzel, T. B., Eng. Drawing 
Hill, A. M., Heat Power; Refrigeration 
Hinkle, R. T., Machine Design 
Hinton, W. A., Heat Power 
Hixon, C. R., Heat Power 
Hoefer, EB. G., Heat Power 
Hofmann, G. A., Heat Power 
Holland, A. D., Heat Power; Refrig. 
Holmes, C. W., Heat Power ; Mech. & Mat. 
Holmes, W. J., Heat Power, Mathematics 
Holtby, F., wi Proc. 
Hopper, 4; eat Power; Refrigeration 
Horack, , Drawing 
Howard, 5. be ” Machine Design; Shop 
Howe, E. D., Heat Power; Power Plants 
Huckert. J. W., Mach. Des.; Heat Power 
Hugo, M. 8. 
Hull, W. L., Aeronautica 
Hummel, J. G., H-P.; Plants 

unt, M. W., Heat Power 
Jacklin, H. M. 
Jacobus, D. 8. 
Jakob, Max, Physics 
Jennings, B. H., Heat Power; Refrig. 
Jett, C. » Mach. ogee: Mech. & Mat. 
Joerger, rok , Heat Power; Refrig. 
Johnson, we A, Machine D 
Jonassen, Finn, Civil . 
Jones, J. B., Heat Power; Refrigeration 
Jones, W. H., Heat Power, Refrigeration 
Judd, H., Hydraulics 
Kauppinen, T. 8. 
Kavanaugh, D., Heat Pr.; Mech. @ Mat. 
Kayan, $ B, Heat Power; Ref rr 
Keator, F. W., Mfg. Proo.; Heat 
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Keeler, H. E., Heat Power; Blectrical 
Keenan, J. H., Heat Power 

Keith, J. 1., Food Eng 

Kemler, E. W., yt a 


Kenerson, W. 
, Mech. & Mat. 
Heat Power; Power Plante 
J A. “Heat Power, hs > ease 
S., Heat Power; 8 
Kipp, ii. L., Machine Des. ; 3; Heat Power 
Kistler, P. N. Mechanics and Materials 
. Heat Power; Eng. Draw. 
Heat Power; Physics 
, Mach. Design 
, Heat Power 
Kolb, R. P., Heat Power; Power Plants 
Kozacka, J. 8., Machine Design 
Kroeger, H. R. 
Kuhlen, Frederick, Machine Design 
, G. M., Mach. Des. ; Z Derriewetion 
Kut, Ww. 8., Heat Power 
Kyle, P. E., Mech. & Mat 
Labberton, ‘J. M., Heat Power; Refrig. 
Laitala, E. 
pambertine, 7. A., Refrig. Heat Power 
Langdon, H. ; Heat P Power ; Power Pis. 
Langille, H. E ” Mach. Des.; Eng. Draw. 
Larkin, F. V., Industrial 
Larson, C. W. 
Larson, G. L.. Heat Power; Refrigeration 
Larson, R. F., Heat Power; Pet. & Nat. 


Gas 
Lease, L. J., a. Coord. 
k be Machine Design 
” Heat Power ; Power Pla. 


‘d, P. B.’ 

Leutwiler, R. W., Mech. & Mat. 
Lewellen, M. T., Heat Power ; Shop 
Lewis, R. E., Eng. Draw. 
Lichty, L, C., Heat Power 
Light, J. J., Heat Power; Power Plante 
Lindahl, B. J., Heat Power 
Lindell, W. F., Electrical 
Lloyd, H. R.. Mach. Des.; Mech. & Mat. 
Lofgren, K. E., Machine Design 
London, A. L., Chemical 
Lucarini, G. B., Shop; Eng. Drawin: 
Luce, A. W., Mach. Des.; Mech. & Mat. 
peewtom. 2 K., daca ’Power 

e Heat Pow 

+ A. Heat fous: Refrigeration 
Mack, "A. J., Heat Power 
Mackey, c.’0. 
MacNaughton, B., Mach. Des. ; Heat Pr. 
Manifold, G. 0., Mach. Des.; Power 


ants 
Marco, S. M., Heat Power 
Marin, A. 
Marquis, F. W., Heat Pong 9A Power Pls. 
Martenis, be Me Machine Design 

, Mathematics 

., Metallurgy 

, Heat Power ; Refrig. 

on » Heat Power ; Refrigeration 


,» Mach. Des. ; ee. é Mat. 
-» Mech. & Mat 


eat Power, Refrigeration 

, Heat Power ; Mech. & Mat. 
’ J., Mach, Des. ; Heat Power 
+» Machine Design 


9. Proc. ; Industrial 
Heat Power 
, Machine poogs 
\., Heat Power; P. Plants 
., Machine Design 
Miller, i &: "Heat Power 





Miller, WT. 
inarik, 


eo ‘ower Plante 
. Hydr.; Mech. & Mat. 
“4 — Power ; Mech. & Mat. 


naut 

4° Design; Civil 
J Ww. Heat Power ; Power Pls. 
Moser, K. J.. Refrig.; Mech. & Mat. 
Moulton, R. G. 
Moynihan, J. R., Materials 
Munro, =" 5 ype —, 
Murphy, B. 
amas a. st ey a 
, Heat Power; Refrig. 
eronau 


Neugebauer, 
Nickelsen, J 
Nordenholt, 


., Mach. Design ; Mech. & Mat. 
| Mech. é M 


"G., peat Power ; Power Pls. 
g 2 "Machine Design 
” Machine Design 
, Aeronautics 
rks, . Aeronautics 

Pattison. Floyd. Min. Tech., metallurgy 
Payne, W. Fay Machine Design 
Pearce, C. E. , Mach ine Design ; Aeron. 
Pearl, W. Cy Mfg. Processes 
Pence, Ww. D. 
Perkins. D. L., Mfg. 
Perry, R. V., Machine Design 
earn G. W., Mathematics 
Phelps, C. W., Heat Power 
Philbrick, H. §., Heat Power 
Pinsky, Jos., Heat Power 
Polaner, J. L. 
Porter, L. M., Machine Design 
Porter, R. C. 
Potter, J. : Mech. & Mat. 


= 3 Machine Design ; Indus. 
Mio. Processes ; Industrial 
., Mach. - esion ; Heat Power 
5 » = Hea t, Refrig. 
. Mach. Des. ; Mech. & Mat. 
., Drawing 
” Heat Power ; Bef 
+ jfachine Design ; 'g. Proce. 


’ Heat Power 
” Heat Power 
Machine Design ; Heat Power 
, Heat Power: Civil 
, Eng. Drawing 
A H., Heat Power: Power Pls. 


W. E. 
es Wo the gee Materials 
Power 
Ba manag 


Proc. ; Heat Power 


Roemmele, H. ry! Heat Power; Pr. Pls. 
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Roesch, D., Automotive 
Rogers, F. S8., Machine Design 
Rohrbach, G. E., Heat Power 
Roop, F. ‘s., Heat Power; Power Plants 
Roudebush, R. B., Indust rial 
Rubenkoenig, Harry, Mech. & Mat. 
Russell, D. M., Heat Power 
Ruten, W. H., Shop 
Ryan, D. G., Industrial 
Sager, BE. H., Mfg. Proc. 
Sahag, L. M., Mach. Des.; Heat Power 
Salma, E. A., Mech. & Mat. 
Sanders, T. K. 
Satterfield, H. E., Heat Power; Refrig. 
Searth, Virgil 
Schock, E. I., Mach. Des.; Architecture 
Schuck, R. F.. Machine Design 
Schulte, W. E. 
Schutz, H. 
Schwartz, F. L., Heat Pr.; Mech. & Mat. 
Schweizer, E. 
Scofield, J. H., Aeronautics 
Seegrist, W. H., Heat Power 
Seeley, L. E. 
Setchell, J. E., Industrial 
Severns, w. H., Heat Power 
Seward, H. L., Heat Power 
Shallenberger, W. H., Heat Power 
NX Heat Power ; Refrigeration 
. P. Heat, Power Pl. 


Shigley, . , Drawing 
Shoop, C. F., “Heat Power ; Power Plants 
Short, B F..” Heat Power 
Silha, H. W. 
Simmang, C. M., Heat Power 
Simmons, C. M., Heat Power 
Simon, G. H., Heat Power; Power Plants 
Sims, E. M., Heat Power; Power Plants 
Skoglund, V. J., Heat Power 
Slaymaker, P. K., Machine Design 
— R. R., Mach. Des.; Mech. € 
at. 

Sloan, W. A., Heat Power; Power Plants 
Sloane, Alvin, Mach. Des.; Mech. & Mat. 
Sluss, A. H., Industrial; Shop 
Smith, E. = Heat Power; Mech. & Mat. 
Smith, = , Mfg. Proc. ; Heat Power 
Smith, %’ Eng. Drawing 
solbets. H. L. Heat Power; Power Pls. 
Sorensen, H. A., Heat Power 
Sorenson, A. a” Civil, hydraulics 
Spurlock, B. H., Heat Power 
Stanley, C. M., Teztile 

A. J., Heat Power; Min. Tech. 


hop 
Stearns, F. A., ? Heat Power 
Steele, 
Stefani. Luis, Mach. Des.; Heat Power 
Stetkewicz, J. D., Metallurgy 
a Mech. & Mat. ; Economics 
, Machine Design; Indus. 
. Mach. Des.; Mfg. Proc. 
.. Heat Power ; Refrig. 
«+ Mach. Des. ; Refrig. 
, Mach. Des. ; Mech. & Mat. 
” Aereonautics 
Heat Power 
,’ Heat Power 
ata gS a ” H., Aeron. ; Eng. Drawing 
Strate, J. T.. Heat Power; Refrigeration 


Heat Power; P. Plante 
Mach. Des.; Eng. Draw. 
Power Plants 
» Heat Power ; Refrig. 
a Power 
ach. Des.; Mech. & Mat. 
” Metallurgy 

, Mach. Des.; Bng. Draw. 

a Heat Power ; Power Plants 


“9 





Tait, R. S., Machine Design 
Telle, L. 
Thatcher, C. G., Heat Pr.; Mech. & Mat. 
, Industrial 
"B.,’ Heat i le Refri a7 rap 
Thomas, F. H., Mfg. Processes ; ndus. 
Thompson, J.'G. H., Mach. Des.; 3 Mfg. 


Proce. 
Thornburg, M. L., Heat Power; Refrig. 
Townsend, A. L., Mach. Des.; Mech. 4 


Mat 
ag S. J., Mach. Des.; Heat Power 
Trigger, K. : Mfg. Proc. ; Heat Power 
Trotter, R. A. Machine Design 
Tripp, Wilson, Heat Power 
Truettner, W. I., Aeronautics 
Trumpler, P. R., H-P.; Power Plants 
Tuthill. A .F. 
Tutt, C. L., Mach. Des., Mfg. Proc. 
Tuve. G. L.,. » Power 
Twogood, A. 
Tyrrell, C. om ‘Mechanics and Materials 
Uicher, J. J., Heat Power 
Updegrove, H. T., Mfg. Proc. ; Industrial 
Upp. C. R., Heat Power; Power Planta 
Vail, R. P., Heat Power; Power Plants 
Vandergrift. C. G. 
Van Dyke, J. R. 
Venn, R. E., ew 
Vennum, R. 
Vierck, R. K 
Vincent, BE. T., Heat Power 
Vittucci, R. 7 Heat Power; Refrig. 
Vopat, W. A., Heat Power; Power Plants 
Vose, F. H., Heat Power; Power Plants 
Walter, H. E., Heat Power 
Walton, 8S. B., Mech. & Mat. 
Warren, A. J., Aeronautics 
Waterfall, H. W., Mach. Des.; Power Pl. 
Waters, E. O., Mach. Des.; Mathematics 
Watson, H. D., Heat Power 
Weber, A. R.. Heat Power 
Webster, F. N., Power Plant 
Weibel, E. E. 
Weiland, W. F. 
Weishampel, J. A., Mech. & Mat. 
Weiss, H. A., Ind. Eng.; Machine Design 
Weiss, J. =. Power Planta 
Welch, H. E., Practical Science 
Wetzel, | eS Blectrical 
Wharton, J. R., Mach Des.; PPE 
White, B . Machine Design 
Whittaker, E., Mech. & Mat. 
Wilbur, R. a Heat Power 
Wilcox, C. C., Power Plant 
Williams, G. K., Min. Tech. 
Williams, R. D., Mineral Tech. 
Willis, P. A., General; Industrial 
Wilson, H. A., Machine Design | 
Wilson, L. A., Heat Power; Refrigeration 
Wingren, R. M., Mach Des.; Mech. & Mat. 
Winston, S. E., Mach. Des.; Heat Power 
Wischmeyer, Carl, Heat Power; Refrig. 
Wohlenberg, W. J. 
Wolowicz, C. H., Mech. & Met. 
Woods, B. M., Aero.; Min. Tech. 
Wright, H. M., Heat Power 
Yellott, J. I., Power Plants 
Young, A. P., Mech. & Mat. 
Young, C. H., Machine Design; Indus. 
Young, EB. G., Mach. Dea. 
Young, V. W., Aeronautics 
Younger, J. E., Aeronautics 
Zarobsky,. I. F., Mach. Des.; Eng. Draw. 
Zbell, 8. P., General ; Draw. 
Zeller, J. W 


MECHANICS AND MATERIALS 


Andrews, C. B., Civil, surveying 
Beal, R. W., Mechanical, heat power 
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Bechtold, C. W. 
Bernhard, * K. 
Berryman, L. G., peas segs! 4 
Bliss, Z. R., Economics ; chine Design 
Boomsliter, 'G. P., Mechanical ; Civil 
Boyd, J. E. 
| ne J. W., Civil Eng. 
Brown, F. L. 
Bullard, J. A., Mathematics 
Cade, C. M., Civil surveying 
R. H, Civil, structural 
BE. B., Drawing 
Cather, _ H., Mechanical ; Mach. Design 
Chamberlin, 8. J., Civil; Eng. Drawing 
Chambers, 8S. D. 
Clark, EB. C. 
Clark, L. W., Struc. 
Colbert, J. Pp, Civil, structural 
Collins, W. ‘4 Civil, structural 
Conley, W. J. 
. N. W., Mechanical; Aer 


EP wr Civil 
_ Mechanical 


Cutshall, c. S., Chemical 
Dahlene, Oscar, Mathematics 
Dawley, E. R., Civil, structural 
De Baufre, W. L., Mech.; Eng. Drawing 
Dietz, 4. S.: H., Bldg. Eng. 
Dodge, R. ., Hydraulics 
Doerr, L. F se ” Mechanical, machine design 
Dohrenwend, So, Civil ; Mathematics 
Dolan, T. J., Civil; Mechanical 
A. W., "Physics 
Dougherty °s. 
pewreing, b. G., En gineering Drawing 
J. Civil ; Sanitary 
, W. On Mechanical, Mach. design 
M., Cé vil 
Eberhart, H. D., Civi 
Edgar, R.F.. Civil; , ROCESS 
Edgecomb, R. B. 
Ensign, N. B., Mathematics 
Eriksen, B. La Civil; Aeronautics 
Ermenc, J. J. 
Ernst, G. G Civil, structural 
Evans, T. H., Civil, structural 
Everett, F. 2 Machine Design 
Fairman, Seibert, Aeronautics 
Flanders, R. L., Civil 
Folk, 8S. B., Civil, hydraulics 
Freire, Vida A. 
Frigon, R. A., Mechanical 
Frocht, _” Machine Des.; Math. 





Civil 
' 'F’, Mechanical ; Industrial 
.N, Mathematics 
= Drawing 
., Physics 
Harris, co O., , Structural 
Hartenberg, Rk. 8 , Math; Aeronautics 
Hawkins, ow ke 
Herrick, , Mechanical ; Mathematics 
+ Mechanical 
, Mathematics 
’ Aeronautics 


Ctoll, hydraulics 

,’ Mechanical, mach. des. 
, Mechanical 

, Civil, hydraulics 


29°F RP 


Laurson, P. G., Civil, structural 


Lee, G. H. 

Lightburn, F. E., Highway 
MacCullough, G. H., Mechanical 
Mangold, F. 

Marin, Joseph, Civil ; Mechanical 
Maurer, E. 

Mayrose, H. E.. Mechanical 
McLean, W. G., Mathematics 
Miller, F. E., Mathematics 

Moore, H. F., Mechanical ; Metallurgy 
Murphy, Glenn, Civil, structural 
es estad, N. O., Mechanical 


M. K., Physics 
W, 


rod, 2 

, Civil, hydraulics 

General Eng. 
Paustian, John 
Peck, J. S., Structural; Psychology 
Perkins, H. =. aes shop 
Peterson, A. C., Sanitary 
Pletta, D. H. 
Poorman, A. P., Civil, structural 
Powell, R. W.. Civil, hydraulics 
Preston, H. K. 
Priester, G. C., Mathematics 
Reissner, H. J., Aeronautics 
Richmond, R. F., Drawing 
Roark, R. J Aeronautics ; Cc. E. 
Robert, J. Civil, hydraulics 
Sanders, we B., Chemical 
Sayre, M. Mechanical 
Scholer, C. it. Civil, structural 
Schoonover. R. H.. Structural 3; Math. 
Schrader, H. J., Mechanical 
Seely, F. B., Mech. ; _ Civil, hydraulics 
Singer, F. L., Mech. ; Eng. Drawing 
Smith, F. H., Drawing 
Smith, G. W., Civil 
Smith, J. O., Mathematics 
Sollenberger, N. J., Civil, structurai 
Staley, H. “- Civil 
Stephen. E. Mechanical, mach. des. 
Stiles, W. Be “Plectrical, dliumination 
Stitz, E. O., ‘Chemica 
Switzer, F. 'G., Mec ical ; Math tics 
Taylor, D. C., ‘Civil: yo Lang. 
Thomas, Evan, Mathematics 
Timoshenko, 8S. P. 
Trathen, R. H. 
Tycker, LeRoy, Ciril ; Geology 
vesenes J. K., Hydraulics 
Wade, F. H., Hydraulics 
Ward, Sam., Civil 
Wendt. K. F.. Civil 
Whetstone, G. A., Mathematics 
Williams, G. K., Electrica 
Wiseman, E. R., Civil 
Withey. M. O., Civil 
Wood, B. H. 
Young, Dana 





MINERAL TECHNOLOGY 


Barker, > Som. * tea 
Baxter, & ‘it, 
Be G. aetotter Tt uae 
Bise of, G. ee ifechan 
Be I ace. Mare slate 

olo! a etallurgy 
Bucky, B., Minin 


Budge, W. x ing 

Butts, sia taller 
‘arpenter, A etal Geology 
Cloud, W. F., Pei. 4 t ae 
Cockrell, W, L., hecoaiahads Chemical 
Coffinberry, A. 8., Metallurgy 

Cothern, I. 





SSR ig EI oy ee ra eee apg ena 








-_ 


Cover, G. M., Metallurgy 
Craft, B. C., Pet. & Nat. Gas; Geology 
Cunningham, J. B.. Mining; Metallurgy 
Daniels, Joseph, Mining ; Metallurgy 
Doan, G. E., Metallurgy 
D J. he Petroleum and Natural Gas 
RL, Metallurgy 
Dri Metallur. y; Physics 
Bekteldt, Howard, Mining ; Min. Dressing 
Eddy, Cc. T., Bteturey 
Fitterer, G. R., Metallurgy 
Gaudin, A. M., Mineral Dressing 
Goodale, S. L., Metallurgy 
Grider, R. L., Mining; Eng. Drawing 
Grosvenor, A. W., Metallurgy 
gases, H. C., Metallurgy 
Haga, L. J., Chemical 
Hess, W. , Met.; Physica; Elec. E. 
Horn, C. R., Pet. & Nat. Gas 
Hunter, 4 4 ic Metallurgy 
Kehl, G. Metallurgy 
Kinney, E. Mp! Metallurgy ; Geology 
-— | "Met allurgy 
ea F., * Mining; A é Nat. Gas 
R. s., Mining ; Mineral Dressing 
Locke, C. E, Mining; Mineral Dressing 
Mackay, Scott, Metall urgy 
Mahin, B., Metallurgy 
Manderfield, N. H., Metallurgy ; Chemical 
Mathewson, ok Sf Metallurgy 
Mathewson, E. P., Metallurgy 
Mauffette, P., Mining, Geology 
McCaffery, R. S., Mining; Metallurgy 
Miller, E. C., Metallurgy ; Min. Dress. 
Milligan, ve E., wing 2 Chemistry 
Nelson, W. L., Pet. é Nat. Gas 
— H. P., tinting “Mineral Dress- 


Noble, G. W., Economics 

Nold, H. E., Mining 

Ockerblad, A. M., Surveying 
Oesterle, J. F., Metallurgy; Physics 
Parker, A M., Geology 

Parker, W. H., Mining ; ee é Nat. Gas 
Phillips. Arthur Metallurg 

Plank, Ww. B , Mini ing ; ‘Metallurgy 
Power, H. HE” Pet. & Nat. Gas; Chemical 
Queneau, B. R., Metallurgy 

Quier, K. E., Heat Power, Power Plants 
Read, T. T., Mining 

Ross, F. W., Mathematics 

Schramm, BE. F. 

Schulte, W. C., Metallurgy; Mechanical 
Schuhmann, ‘ 

Sellers, G. A., Metallurgy; Industrial 
Serviss. F. Lev., Geology 

Sherman, G. W., Metallurgy 
Sherrill, R. E., Gas é Geology 

Spindler, W. A., Metal Proc. 
Stephenson, E. A., Pet. and Nat. Gas 
Stewart, J. W., Mining 

Straley, x W., General Eng. 

Stuckey, J. L., Geology 

Swift, R. E., Metallurgy 

Taggart, A. ¥F., Min. Dressing ; Chemicai 
Talmadge, 8S. B., Mining ; Geology 
Underhill, James, Mining ; General 
Upthegrove, C., Metallurgy 

Uren, C., Petroleum 

Vance, Harold, Pet. and Natural Gas 
Van Note, W. G., Ceramics 

Sherman, G. W., Metallurgy 

Wagner, ‘i A., Mining ; marge 
Weysser, J. L. G., Metallurgy 

Wilting D7 tine” g 

ms, ning ; Geolo 

Witmer, v F., "Metall tl we 
youne. C. M., M4 nad Letatturgy 
Zmeskal, O., Metall urgy 
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PHYSICS 


Abbitt, - 

Abbott, ’B., Electrical 

Backer, B., Civil, construction 
Ball, Albert 

Banks, C. o Civil; Mech. & Mat, 
Bartlett, Ww 

Bennett, &: E.. Mathematics 
Berggren, w. P., Mech. & Mat. 
Bessey, W. H., General Eng. 
Bidwell, C. C. 


F. 
Bliss, H. ia” Gen, Eng. 
Brewington, G. P. 

Brown, F. L., Mathematics 

Clouse, J. H., Mechanical; Mech. & Mat 
Collins, G. B. Electrical 

Colvert, w. , Mathematics 

Coolidge, J. ) ” Mathematics 

Cooper, * 

Copeland, P. L. 

Countryman, M. A., Electrical 

Driscoll, W. G., Mathematics 

Duncan, David C., Mathematics 

Durbin, F. M. 

Elliot, D. 8., General 

Entwisle, F. N., Psychology 

Fraim, P. B., Geology 

Fry, H. M., Electrical ; Mphenatiee 
Gager, F. M., Electrical ; Genera 

George, V. G., Mathematics ; (EE 
Griset, H. E. 

Guthrie, A. N. 

Gwinn, I. _" Engineering Drawing 

Hall, V. "Eng. Drawing ; Mechanical 
Halsey, Hugh 

Hammond M., Mathematics 

Hawkes, J. %. 

Hazeltine, L. A., Mechanical 

Henderson, = 

Herreman, H. M., Electrical 


L. 
Mathematics 

Hilberry, Norman 
Hottle, W. M., Electrical 
Hyslop, W. H. 
Ingersoll, L. R., Heat Power 
Jones, L. W., Electrical, communication 
Jones, M. W. 
Kenrick, . W., Electrical, commun. 
Kovarik, F. 
patent Tg J. BE. 
Lambe, E. P., Zlectrical, power 
Lancaster, F. Chemistry ; Math. 
Lark-Horovitz, K. 
Mallory, F. 
Meares, J. S. 
Merritt, H. W., Mechanics and Materials 
Muckenhou t, Cc. F., Electrical; Math. 
Myers, F. 
Partlo, F. Pe ., Mathematics 
Patterson, R. A. 
Pheley, D. B., Civil, surveying 
Pietenpol, W. B. 
Piper, F., vy ee 
Pomeroy, 


G. 
Porter, on Ey 

. G., General Enginering 
q d: 52- Electrical 
] Communications 
Robert, R. A., * Mathematice 
Sagen, a. o., ‘Mathematics 
St. Peter, W.N. 
Sartain, c. G —_ 
Schmidt ion 2 é Mat. 
Silvey, O. we 


mn T nlectricat 





Slack, #. 


H. 
Sizelove, O. 
P. 
Slack, F. G. 








ttion 
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' Smith, B. G., Mechanical 


Smith, 

Spinney, L. B., Zlectrical 
Stearns, J. C. 

Stempel, W. M., Optics 
Stewart, G. W. 

Swaim, V. F. 
Thompson, J. 8S. 

Toole, C. B., Electrical; Mechanical 
Webster, J. C., Mechanical ; General 
Wheeler, N. E. 

Whitaker, M. D. 
Woodbury, C. V., Aeronautics 
Woodrow, J. W., Mathematics 
Woods, F. P. 


PSYCHOLOGY 


. N., Ethics & Religion 
Johnson, A. P., Personnel & Indus. Rel. 
Kopas, J. S8., Hlectrical, communication 
Magoun, F. 

O’Connor, Johnson 
Palmerton, L 

Schaefer, V. G. 

Swartz, B. K., Economics 
Watson, W. S. 


SANITARY ENGINEERING 


Babbitt, H. B., Chemistry; Civil 
Boyce, Earnest, Civil 

Brown, E. S8., Civil, surveying 
Camp, T. R., Chemical ; Civil 

Cheek, F. J., Hydraulics 

Dunstan, G. H., Hydraulics 
Evinger, M. I., Civil, hydraulics 
Fair, G. M. 

Gotaas, H. B., Civil, hydraulics 
Haney, P. D., emical 

Hinman, J. J., Chemical ; Chemistry 
oe “- oa hydraulics 
Hyde, C. G., 

Jones, D. K, Tydraulice 

+ sgt = E. J., Sotl Mech. 
Miles, H. J., Civil, hydraulics 


O’Donnel, Raymond, Civil, hydraulics 
Payrow, H. G., Civil, hydraulics 
Perry, Lynn, Civil, surveying 
Robbins, J. M., Civil, surveying 
Rohlich, G. “ad Hydraulics 

Stanley, ¥- E., Civil, hydraulics 
Staple R.. Civil, hydraulics 
Steel, wv. 

Suttie, R. H., os begtesies 
Vander Velde, T. L., Civil, surveying 
Walker, C. L., C# 

Waterman, E. L., Cévil 

Wolman, Abel 


SHOP AND MECHANIC ARTS 


Beatty, H. R., General; Industrial 
Benedict, Otis, Mechanical, mach. design 
Bjerg, H. +. Crafts 

A, Engineering Drawing 


Bourdelai is, 
Bradley, F. z 
Burley, J. W. 
Carison, W. W., Mechanical 
Cobb, C. ” Industrial Eng. 
Delenk, w. Ns Mfg. Proc. 

, Mech. & Mat. 

3 


orging, heat treating 
\ echanical 


Small, E. H., Electrical, power 
Soderstrom, EB. D. 
Starr, C. J., a hanical, mfg. 
Tonkin, J. , Mechanical, mfg. processes 
Trueblood, ie 2 Mechanica 

Drawi 








TOTAL MEMBERS, PAST AND PRESENT 


TOTAL MEMBERS, PAST AND PRESENT. 
INDIVIDUAL 


Aug. 

Sept. 

Aug. (about) 
Aug. 

Aug. 

Aug. 

July 

June 

June 

July 

Sept. 

June 

July 

July 

June 

June 

June 

June 

June, 

June, 
March, 
July 
March, 
March, 
March, 
April, 
April, 
March, 
March, 
June, 

May, 

Nov., 

Nov. x 
Nov. 30, 
Nov. 8, 
Jan. 27, 
Jan. i, 
Feb., 1, 
Feb. 10, 
Feb. 

Feb. 

Feb. 

Feb. 

Feb. 
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Individual Members 
Institutional Members 


Total Membership 





MEETINGS OF THE §&. P. E. E. 


MEETINGS OF THE §8. P. E. E. 


July 30-Aug. 5......Chicago, Il.* I. O. Baker, Univ. of Ill. 
(Chairman, Section B.) 

-», Brooklyn Polytechnic In- DeVolson Wood, Stevens 

stitute, Brooklyn, N. Y. Inst. of Technology. 

.. Springfield, Mass. G. F. Swain, Massachu- 
setts Inst. of Technol- 
ogy. 

.- Buffalo, N. Y. Mansfield Merriman, Le- 
high Univ. 

University of Toronto, H. T. Eddy, Univ. of Minn, 
Toronto, Ontario. 
- Boston, Mass. J. 3B. Johnson, Wash. 
Univ., Missouri. 
- The Ohio State University, T. C. Mendenha Wor- 
Columbus, O. cester Polytechnic Inst. 
Columbia University, New I. O. Baker, Univ. of Til. 
York City. 
Buffalo, N. Y. F. O. Marvin, Univ. of 
Kans. 
. Pittsburgh, Pa. Robert Fletcher, Dart- 
mouth College. 
. M. Woodward, Wash 
Univ., St. Louis. 
Sept. 1-3....... ++eeee5t. Louis, Mo. Cc. F. Allen, Mass. Inst. of 
Technology. 
June 28-20.......00004 Atlantic City, N. J. F. W. MeNair, Mich. Coll. 
of Mines. 
BB os acecowenes Cornell University, Ithaca, Cc. L. Crandall, Cornell 
Ne Univ. 
SON BBs 6 con Seapsace Case School of Applied D. C. Jackson, M. I. T. 
Science, Cleveland, O. 
June 24-27 - Detroit, Mich. Chas. S. Howe, Case School 
of Applied Science. 
June 24-26 Columbia University, New F. EB. Turneaure, Univ. of 
York City. Wis. 
University of Wisconsin, H. 8S. Munroe, Columbia 
Madison, Wis. Univ. 
Carnegie Institute of Tech- A. N. Talbot, Univ. of Il. 
nology and the Univer- 
sity of Pittsburgh, Pitts- 
burgh, Pa. 
1912, June 26-20........... M. I. T., Harvard and W. G. Raymond, Univ. of 
Wentworth, Boston, Towa. 
Mass. 
1913, June 24-26 .. University of Minnesota, W. TT. Magruder, Ohio 
Minneapolis, Minn. State Univ. 
1914, June 23-26 -Princeton University, G. C. Anthony, Tufts Col- 
Princeton, N. J. lege, Mass. 
1915, June 22-25 -Iowa State College, Ames, Anson Marston, Iowa State 
Ta. College. 
1916, June 19-22 University of Virginia, H. 8. Jacoby, Cornell Univ. 
University, Va. 
1917, July 6-7 . Washington, D. C. oF Chatburn, Univ. of 


A Sere ee . Niagara Falls, N. Y. 


1918, June 26—-29........... Northwestern University, M. 8. Ketchum, Univ. of 
Evanston, Il. Colo. 


1918, December 6-7 ¢ Cambridge, Mass. J. F. Hayford, Northwest- 
ern University. 


* Meeting of Section E, Baginesting Education, of the World's Engineering 


Congress, at which the 8. P. E. was organized. 

Joint Meeting with the British Bducational Mission to the United States. 
The meeting was called at the request of the Committee on Internatonal Relations 
of the American Council on Education. 
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1919, 
1920, 
1921, 
1922, 
1923, 
1924, 
1925, 
1926, 
1927, 
1928, 
1929, 
1930, 


1931, 
1982, 
1933, 
1934, 


1935, 
1936, 
1937, 


1938, 


1939, 


1940, 
1941, 
1942, 
1943, 


MEETINGS OF THE §&. P. E. E. 


-Johns Hopkins University, 
Baltimore, Md. 

. ++ University Rg Michigan, 
Ann Arbor, Mich. 

-Yale Seacenaltg: New 
Haven, Conn. 

«University of Illinois, 
Urbana, Ill, 

Cone University, Ithaca, 


June 25-28 

June 20-July 2... 
June 28-July 1 
June 20-23 

June 20-28 


June 25-28 University of Colorado, 


Boulder, Colo. 
Union College, Schenec- 
tady, N. Y. 
State University of Iowa, 
Iowa City, Ia. 
-University of Maine, 
Orono, Maine. 
ee ay of North Caro- 
lina, Chapel Hill, N. C. 
June 19-21 - The Ohio State University, 
Columbus, Ohio. 

June 26-28........ -»-Ecole Polytechnique, Mc- 
Gill University, Montreal, 
Canada. 

Purdue University, Lafa- 
yette, Ind. 

Oregon State College, Cor- 
vallis, Ore. 

Stevens Hotel, Chicago, I1l. 


June 16-20 
June 16-18 


June 17-19 
June 29, 30—-July 1... 


Cornell University, Ithaca, 
i 2 


.Georgia School of Tech- 
nology, Atlanta, Ga. 

. University of Wisconsin, 
Madison, Wis. 

June 28—-July 2...... Massachusetts Institute of 
Technology and Harvard 
University, Cambridge, 
Mass. 

A. & M. College of Texas, 
College Station, Texas. 
Pennsylvania State College, 

State College, Pa. 
University of California, 
Berkeley, Calif. 
University Michigan, 
Ann Arbor, Mich. 
-New York City 


June 24-27 
June 23-26 


June 27-30 
June 19-23 


June 24-28 
June 27-30 
June 29-July 2.... 


June 18-20 Illinois Institute of Tech- 


nolo; Chicago, and 
Northwestern University, 
Evanston, Ill. 


J. F. Hayford, Northwest- 
ern University. 

A. M. Greene, Jr., Rens- 
selaer Polytechnic Inst. 

a Cooley, Univ. of 


Cc. F. Seott, Sheffield Sci. 
School of Yale Univ. 

Cc. F. Scott, Sheffield Sci. 
School of Yale Univ. 
P. F. Walker, Univ. of 

Kans. 
A. A. Potter, Purdue Univ. 


G. B. Pegram, Columbia 
Univ. 

O. M. Leland, Univ. of 
Minn. 

R. L. Sackett, Penna. State 
College. 

Dexter S. Kimball, Cornell 
University. 

R. I. Rees, American T. & 
T. Co. 


H. S. Boardman, Univer- 
sity of Maine. 

H. S. Evans, University of 
Colorado. 

R. A. Seaton, Kansas State 
College. 

W. EB. Wickenden, Case 
School of Applied Sci- 
ence. 

Cc. C. Williams, State Uni- 
versity of Iowa. 

D. §. Anderson, Tulane 
University. 

H. P. Hammond, Polytech- 
nic Institute of Brooklyn. 


S. B. Earle, Clemson Col- 
lege. 

K. T. Compton, Mass. Inst. 
of Tech. 

O. J. Ferguson, University 
of Nebraska. 

D. B. Prentice, Rose Poly- 
technic Institute 
A ae University of 

H. T. Heald, Illinois Insti- 
tute of Technology. 
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SUMMER SCHOOLS FOR ENGINEERING TEACHERS. 
Harry P. Hammonp, Director. 


1927—Engineering Mechanics, Cornell University. 
1927—Engineering Mechanics, University of Wisconsin. 
1928—Electrical Engineering, University of Pittsburgh, and Westinghouse E. 


& M. Company. 
1928—Physics, Massachusetts Institute of Technology. 
1929—Mechanical Engineering, Purdue University. 
1930—Civil Engineering, Yale University. 
1930—Engineering Drawing and Descriptive Geometry, Carnegie Institute of 

Technology. 
1931—Chemical Engineering, University of Michigan. 
1931—Mathematies, University of Minnesota. 
1932—Economies, Stevens Institute of Technology. 
1932—English, The Ohio State University. 
1933—Mining and Metallurgy, University of Wisconsin. 
1933—Conference of Administrative Officers, University of Wisconsin. 
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PAST OFFICERS 


PAST OFFICERS. 


Special Committee for Division E, Engineering Education, World’s 
Engineering Congress, 1893. 


IRA O. BAKER,* Chairman, 
WM. R. HOAG, Secretary, 
MORTIMER E. COOLEY, 


HENRY T. EDDY,* Vice-Chairman, 
C. FRANK ALLEN, Sec’y, pro tem., 
SAMUEL W. STRATTON,* 


STORM BULL.* 


PRESIDENTS. 


DE VOLSON WOOD,®* 1893-4, 
GEORGE F. SWAIN,* 1894-5, 

M. MERRIMAN,®* 1895-6, 

HENRY T. EDDY,* 1896-7, 

JOHN B. JOHNSON,* 1897-8, 

T. C. MENDENHALL,®* 1898-9, 
IRA O. BAKER,* 1899-1900, 
FRANK 0. MARVIN,* 1900-1, 
ROBERT FLETCHER," 1901-2, 
CALVIN M. WOODWARD,* 1902-3, 
C. FRANK ALLEN, 1903-4, 

FRED W. McNAIR,* 1904-5, 
CHARLES L. CRANDALL,* 1905-6, 
DUGALD C. JACKSON, 1906-7, 
CHARLES 8S. HOWE," 1907-8, 
FRED. E. TURNEAURE, 1908-9, 
HENRY 8. MUNROF, 1909-10, 
ARTHUR N. TALBOT,* 1910-11, 
WM. G. RAYMOND,* 1911-12, 
WM. T. MAGRUDER,* 1912-13, 

G. C. ANTHONY,* 1913-14, 

ANSON MARSTON, 1914-15, 
HENRY 8. JACOBY, 1915-16, 
GEORGE R. CHATBURN,* 1916-17, 


MILO 8. KETCHUM,* 1917-18, 
JOHN F. HAYFORD,* 1918-19, 
A. M. GREENE, JR., 1919-20, 
MORTIMER E. COOLEY, 1920-21, 
F. SCOTT, 1921-22, 1922-23, 
F. WALKER,* 1923-24, 

A. POTTER, 1924-25, 

B. PEGRAM, 1925-26, 

M. LELAND, 1926-27, 

L. SACKETT, 1927-28, 

S. KIMBALL, 1928-29, 

I. REES,* 1929-30, 

8. BOARDMAN, 1930-31, 

8. EVANS, 1931-32, 

. A. SEATON, 1932-33, 

. E. WICKENDEN, 1933-34, 
. C. WILLIAMS, 1934-35, 

. 8. ANDERSON, 1935-36, 

H. P. HAMMOND, 1936-37, 

S. B. EARLE, 1937-38, 

K. T. COMPTON, 1938-39, 

0. J. FERGUSON, 1939-40. 

D. B. PRENTICE, 1940-41 

A. H. WHITE, 1941-1942 


PAP mhRrPoORPOaPNWA 


~] 


VICE-PRESIDENTS. 


SAMUEL B. CHRISTY,* GEORGE F. SWAIN,* 1893-4, 
ROBERT H. THURSTON,* FRANK 0. MARVIN,®* 1894-5, 
FRANK O. MARVIN,* CADY STALEY, 1895-6, 

JOHN GALBRAITH,* JOHN M. ORDWAY, 1896-7, 

THOMAS C. MENDENHALL,* HARRY W. TYLER," 1897-8, 
C. FRANK ALLEN, HENRY W. SPANGLER,®* 1898-9, 
ROBERT FLETCHER,* CHARLES D, MARX, 1899-1900, 
THOMAS GRAY,* ALBERT KINGSBURY, 1900-1, 

STORM BULL,* CALVIN M. WOODWARD,* 1901-2, 

JOHN J. FLATHER,* FRED W. MoNAIR,* 1902-3, 
CHARLES L. CRANDALL,* JAMES C. NAGLE, 1903-4, 
CLEMENT R. JONES,” ELWOOD MEAD, 1904-5, 
WILLIAM T. MAGRUDER,* JOHN P. JACKSON, 1905-6, 


* Deceased. 





PAST OFFICERS 


R. C. CARPENTER,* CHARLES 8. HOWE," 1906-7, 
CLARENCE A. WALDO, WILLIAM G. RAYMOND,* 1907-8, 
MORTIMER E. COOLEY, OLIN H. LANDRETH,®* 1908-9, 
ARTHUR N. TALBOT,* ARTHUR L. WILLISTON, 1909-10, 
MILO 8. KETCHUM,* WILLIAM KENT,* 1910-11, 

G. C. ANTHONY,®* F. B. GILBRETH,* 1911-12, 

L. 8. MARKS, F. W. SPERR,* 1912-13, 

H. 8. JACOBY, D. C. HUMPHREYS," 1913-14, 

H. H. NORRIS,* C. RUSS RICHARDS," 1914-15, 

G. R. CHATBURN,* F. H. CONSTANT, 1915-16, 

HOLLIS GODFREY,* WM. M. THORNTON,®* 1916-17, 
JOHN F. HAYFORD,* IRA N. HOLLIS,* 1917-18, 

JOHN T. FAIG, E. R. MAURER, 1918-19, 

A. A. POTTER, F. P. McKIBBEN,* 1919-20, 

T. U. TAYLOR,* H. 8. EVANS, 1920-21, 

H. J. HUGHES,* E. J. McCAUSTLAND,* 1921-22, 

D. 8. KIMBALL, F. G. HIGBEE, 1922-23, 

. 8. BOARDMAN, 0. J. FERGUSON, 1923-24, 

" g. KING, G. B. PEGRAM, 1924-25, 

_ V. CARPENTER,* F. P. McKIBBEN,* 1925-26, 

. W. TYLER,* W. S. RODMAN, 1926-27, 

. E. MAGNUSSON,* THOS. E. FRENCH, 1927-28, 

. C. WILLIAMS, G. M. BRAUNE,* 1928-29, 

_ A. HITCHCOCK, ED. BENNETT, 1929-30, 

| FRANCIS HARDING,* R. A. SEATON, 1930-31, 

8. ANDERSON, H. H. JORDAN, 1931-32, 

AUL CLOKE, H. 8. ROGERS, 1932-33, 

V. LARKIN, B. M. BRIGMAN,* 1933-34, 

P, HAMMOND, GEO. C. SHAAD,* 1934-35, 

H. DAGGETT, 8. B. EARLE, 1935-36, 

AN C. CRAWFORD, SADA A. HARBARGER,* 1936-37, 
T. COMPTON, F. C. BOLTON, 1937-38, 

W. CASE, M. L. ENGER, 1938-39, 

W. SORENSEN, D. B. PRENTICE, 1939-40, 

L. MORELAND, L. E. CONRAD, 1940-41, 

T. HEALD, F. L. EIDMANN,®* 1941-42. 


TREASURERS. 


STORM BULL,* 1893-5, FRED. P. SPALDING,* 1904-6, 
JOHN J. FLATHER,* 1895-9, ANSON MARSTON, 1906-7, 
CLARENCE A. WALDO, 1899-1902, W. O. WILEY, 1907-42, 
ARTHUR N. TALBOT,* 1902-4, JAS. 8. THOMPSON, 1942-. 


SECRETARIES. 


JOHN B. JOHNSON,* 1893-5, CLARENCE A. WALDO, 1902-4, 
C. FRANK ALLEN, 1895-7, MILO 8. KETCHUM,®* 1904-6, 
ALBERT KINGSBURY, 1897-9, W. T. MAGRUDER,* 1906-7, 
EDGAR MARBURG,* 1899-1900, ARTHUR L. WILLISTON, 1907-9, 
HENRY 8. JACOBY, 1900-2, HENRY H. NORRIS," 1909-14, 

F. L. BISHOP, 1914-. 


ASSISTANT SECRETARIES. 


L. H. HARRIS,* 1914-8, 
NELL MoKENRY, 1918-. 


WORM OO we wat 


F. 

H. 
P. 

IV. 
K. 
G. 
R. 
E. 
H. 


* Deceased. 








MEMBERS OF PREVIOUS COUNCILS 


ELECTIVE MEMBERS OF PREVIOUS COUNCILS. 


H. T. Bovey,* 


MANSFIELD MERRIMAN,* 


I. O. Baxzs,* 
JOHN GALBRAITH,* 


H. T. Eppy,* 
ALBERT KINGSBURY, 


F. ALLEN, 
M. Orpway, 


C. 
J. 


ARTHUR BEARDSLEY, 


WituiamM KEnNT,* 


Storm Buui.,* 
F. O. Marvin,* 


T. N. Drown,* 
GaETANO LANZA,* 


Brown AYRES, 
W. T. Macruper,* 


C. F. ALLEN, 
J. P. Brooxs, 


* Deceased. 


. RoBERT FLETCHER,* 


Terms of Office Expired in 1894. 
H. T. Eppy,* W. F. M. Goss,* 
8S. W. Rosinson,* H. W. SPANGLER,” 
R. H. THurston.* 


Terms of Office Expired in 1895. 

W. H. Burr,* O. H. LANDRETH,* 
W. G. Raymonp,* G. F. Swatn,* 

De Votson Woop.* 


Terms of Office Expired in 1896. 
Storm Butu,* S. B. Curisry,* 
J. B. JOHNSON,* F. O. Marvin,* 
C. D. Marx. 


Terms of Office Expired in 1897. 
J. J. FLATHER,* J. P. JACKSON, 
L. 8. RANDOLPH, 8S. W. Rosinson,* 
R. H. THuRsTON.* 


Terms of Office Expired in 1898. 
C. L. MEgs,* MANSFIELD MERRIMAN,* 
W. G. Raymonp,* Capy STA.ey, 
R. 8. Woopwarp.* 


Terms of Office Expired in 1899. 
JOHN GALBRAITH,* 
T. C. MENDENHALL,* W. H. ScHvuERMAN,* 


M, E. Wapsworts.* 


Terms of Office Expired in 1900. 
L. G. CARPENTER,* ALBERT KINGSBURY, 
R. B. OwEns,* R. L. SACKETT, 
R. H. THurston.* 


Terms of Office Expired in 1901. 
M. A. Howe, I. N. Houuts,* 
P. C. Rickerts,* R. G. THomas,* 
C. M. Woopwarp.* 


Terms of Office Expired in 1902. 
G. W. BIssELL, J. J. FLATHER,* 
F. W. MoNarr,* J. M. Porrer,* 
A. J. Woop.* 


Terms of Office Expired in 1903. 
D. C. Jackson, N. C. Ricks, 
Epcak MarBurc,* A. L. WiLuiston, 
J. CO. NaGue. 








MEMBERS OF PREVIOUS COUNCILS 


Terms of Office Expired in 1904. 


Tuomas Gray,* 
W. G. Raymonp,* 
L, 8. RanpDoupa. 


Terms of Office Expired in 


L. J. JoHNSON, 
Etwoop Mzap, 


D, C. HUMPHREYS,” 
L. E. Reser, 


1905. 


W. M. Tow sz, 
J. L. Van Ornum, 


Epwarp OrgTon, JE.* 


Terms of Office Expired in 1906. 

CHarLes S. HoweE,* Watrsr M. Riees,” 
Henry W. SPANGLER,* Frep. E. TURNEAURE, 
HERMAN K. VEDDER. 


Terms of Office Expired in 1907. . 
JaMES C. NAGLE, Witit1am G. Raymonp,* 
ArtTHur N. TA.sor,* CLARENCE A. WALDO, 
ArTHurR 8. WoopWwarD.* 


Terms of Office Expired in 1908. 

ArtHur H. Forp,* H. P. Tasor,* 
Henry 8S. Munroe,* A. L. WILLISTON, 
FREDERICK W. SPERR.* 


Terms of Office Expired in 1909. 
CHARLES F.. BurGEss,* JOHN F. Hayrorp,* Tuomas W. PALMER, 
ARTHUR M. GREENE, Jk., Mito 8. Kercuum,* JosEPH A, THALER,* 
HENRY H. Norris.* 


Terms of Office Expired in 
Water B. RussELL,* — 
WILLIAM KEntT,* 
Haroup B. Smiru.* 


Terms of Office Expired in 
Lewis J. JOHNSON, 
W. T. Macruper,* 
CLARENCE A. WALDO. 


Terms of Office Expired in 


Freperick A. GorTzE,* oH. Wape Hisparp,* 
Frank H. Constant, JouN H. LEere,* 
Cras. Russ RicHarps.* 


Terms of Office Expired in 


E, E. Brypone-Jack, 
W. H. CreicurTon, 
H. W. Tyer.* 


Terms of Office Expired in 
F. L. Emory, 
C. E. Maenusson,* 
H. H. Srozx.* 


JoHN GALBRAITH,* 
FREDERICK P. SPALDING,* 


THoMas GRAyY,* 
Louis E. REBER, 


Victor C. ALDERSON, 
Francis C. CALDWELL, 


1910. 


WituiaM 8. FRaNKLIN,* 


Frep W. ATKINSON, 
CHARLEs F. Scort, 


Mortimer E. Coouey, 


1911. 


Wiiiam G. Raymonp,* 
HERMAN SCHNEIDER,* 


L. P. BRECKENRIDGE, * 
THomas Gray,* 


1912. 


Epw. R. Maurer, 
Joun C. Ostrup, 


1913. 


JouN F, Hayrorp,* 
C. Russ RicHarps,* 


H. BENJAMIN,“ 
W. BIsszLt, 


C. 
G. 


1914. 
J. A. L. Wappe.t,* 


J. E. Boyp, 
A. J. Woop,* 


C. H. Crovcs, 


* Deceased. 








Joun F. Hayrorp,* 
M. 8. Kercnum,* 


W. H. Browns, Jp., 


T. U. Tayior,* 
K. G. MaTHEson,* 


FREDERICK Bass, 


C. Francis HArpING,* C. 


H. 8. BoaRpMAN, 
F. C. Boiron, 


J. F. MERRILL, 
W. H. Timsiz, 


M. W. ALEXANDER,” 
Epw. BENNETT, 


* Deceased. 


MEMBERS OF PREVIOUS COUNCILS 


Terms of Office Expired in 1915. 
O. P. Hoop,* W. B. Snow,* 
G. D. SHEPARDSON,* J. C. Tracy, 
F. P. McKresen.* 


Terms of Office Expired in 1916. 
F. P. SPapine,* P. F. WaLKER,* 
A. S. LANa@sporr, S. M. Woopwagp, 
H. W. TyYueEr.* 


Terms of Office Expired in 1917. 
A. M. GREENE, JE., D. C. MILLER,* 
E. V. HuntTineTon, W. M. Riaes,* 
V. KARAPETOFF. 


of Office Expired in 1918. 
F. P. McK 1ssen,* 
G. D. SHEPARDSON, 


Terms 
C. H. Crouca, 
O. P. Hoop,* 
J. B. WHITEHEAD. 


of Office Expired in 1919. 


T. E. Frencny, F. G. HigBeg, 
R. W. Gay, E. J. McCaustianp,* 


A. A. Porrer. 


of Office Expired in 1920. 
C. J. TILDEN, FRANK AYDELOTTE, 
C. F. Scorr, W. E. Mort, 
L. M. Hosxrys.* 


of Office Expired in 1921. 
J. RALEIGH NELSON, 
F. L. Pryor, 


Terms 
6. A. LEUTWILER, 

R. MAnn,* 

W. J. RIsney. 


Terms of Office Expired in 1922. 


E. F. Coppineron, C. C. Mors, 
W. H. Kavanavuena,* E. H. RockwEt., 


W. S. RopMAn. 


Terms of Office Expired in 1923. 
R. 8. Kina, L. L. THURSTONE, 
J. H. FEewear, C. C, WinLtaMs, 
J. C. Tracy. 


Terms of Office Expired in 1924. 
M. L. Enarr, O. M. LELAND, 
J.C. L. Fisu, F. E. GIesEcke, 
Morris KNOWLES.* 


Terms of Office Expired in 1925. 
H. 8. Evans, H. J. HueHes,* 
E. A. Hircncoce, C. E. Maenusson,* 
G. C. Smaap.* 
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D. 8S. ANDERSON, 
H. C. Berry, 


W. E: Brooxg, 
G. M. BuTuEr, 


G. M. Braune,* 
B. M. BrigMAN,* 


Sapa A. HARBARGER,* 


W. K. Harr, 


J. M. BRYant, 
8. B. Ear.e, 


Paub CLOKE, 
C. 8S. Couzr, 


I. C., CRAWFORD, 
C. R. Doouty, 


L. E. AKELEy, 
R. E. DoHERTY, 


L. E. Conrap, 
B. G. Extiorr, 








* Deceased. 


MEMBERS OF PREVIOUS COUNCILS 


Terms of Office Expired in 1926. 
W. N. Barnarp, Huen Mier, 
F. A. Fisx, FP. E. Szavey,* 
E. J. Bascock.* 


Terms of Office Expired in 1927.. 
H. H. Jorpan, E. B. Norris, 
W. H. Kenerson, Harotp PENDER, 
W. E. WICKENDEN. 


Terms of Office Expired in 1928. 


W. C. Hoap, C. V. Mann, 
J. A. HUNTER,* C. H. MrrcHe..,* 
R. I. Rezs.* 


Terms of Office Expired in 1929. 


E. R. Heprick,* R. A. SEATON, 
J. J. RIcHEy, J. W. Vorry,* 
S. M. Woopwarp. 


Terms of Office Expired in 1930. 
8. S. EpmMANps,* A. C. LANIER,* 
H. P. Hammonp, C. M. McKErcow, 


D. B. PRENTICE. 

Terms of Office Expired in 1931. 
R. C. Disque, H. 8S. Rogzrs, 
T. M. Fockg, C. H. Warren, 


J. J. WILMORE. 
Terms of Office Expired in 1932. 


R. C. H. Hecr, W. C. HunTIneTon, 
H. H. Hiasrg, N. C. Ries, 
W. H. Trmsre. 

Terms of Office Expired in 1933. 
W. E. Farnuam, T. J. Hoover, 
AUGUSTIN FRIGON, F. V. Larkin, 


J. E. McDanren. 


Terms of Office Expired in 1934. 
A. M. Dubey, F. L. EmMann,* 
A. E. Norton,* G. A. Srerson, 
E. R. Wiicox. 


Terms of Office Expired in 1935. 
F. E. JoHNSON, ~ C. W. Park, 
Morand Kine, A. P. PoorMan, 
‘Harry RvusBey. 

Terms of Office Expired in 1936. 


J. B. FINNEGAN, B. R. Van Leer. 
W. N. Griapson, H. B. Waker, 
C. H. Writs. 










MEMBERS OF PREVIOUS COUNCILS 


Terms of Office Expired in 1937. 


C. E. Davigs, C. L. Eckk, 
H. N. Davis, P. T, Norton, 
W. T. Ryan.* 


-Terms of Office Expired in 1938. 
A. B. DoMONOSEE, T. H. Morean, 
M. M. Bortne, L. E. GRInTER, S. C. OagBurn, 
F, L. PLUMMER. 
Terms of Office Expired in 1939. 


. W. DuDLey, H. J. GILKEy, F. W. Marquis, 
. W. EsHsBacn, E. A. HoLBroox, R. W. Morton, 
R. L. SwEIGERT. 
. Terms of Office Expired in 1940. 
. F. EckHarp, F. M. FEIKeEr, C. E. MacQuiaa, 
. 8. Ex.iort, 8S. C. HOLLISTER, F. B. SEELY, 
A. H. WHIrEeE. 
Terms of Office Expired in 1941. 
H. H. ARMssBy, Louis MITCHELL, W. B. PLANK, 
H. T. Heap, C. A. Mockmore, J. S. THoMPson, 
R. B. Winey. 
Terms of Office Expired in 1942, 
K. H. Conpit, V. M. Farrrs, ° C. L. K1INSLOE, 


R. C. Ernst, H. A. FIsHEr, L. G. STRAUB, 
B. M. Woops. 


* Deceased. 
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CONSTITUTION 


CONSTITUTION. 
ARTICLE I. 


NAME AND OBJECTS. 


1. The name of this organization shall be the Society for the Promotion of 
Engineering Education. 

2. The objects of this Society shall be the promotion of the highest ideals 
in the conduct of engineering education with respect to administration, cur- 
riculum, and teaching work, and the maintenance of a high professional stand- 
ard among its members. The means to this end shall include educational 
research, the holding of meetings for the reading and the discussion of pro- 
fessional papers, and the publication of papers, discussions, and communica- 
tions as may seem expedient. 


ARTICLE II. 


MEMBERSHIP. 


Membership in the Society shall be of two general classes, Institutional 
and Individual. 

Institutional members shall be of two classes, active and associate. The 
active institutional members shall be recognized institutions giving bacca- 
laureate or equivalent degrees for curriculums in engineering, and distinguished 
national professional engineering societies. Associate members shall be other 
educational institutions giving instruction in engineering. Institutional mem- 
bers shall be entitled to representation at all meetings of the Society or its 
divisions by regularly appointed delegates, one for each institutional member 
concerned. 

Individual membership shall be of two classes, Active and Honorary. It 
shall comprise those persons who occupy or have occupied responsible positions 
in the work of engineering instruction, engineering practitioners, and other 
persons interested in engineering education. 

Honorary members of the Society shall be such persons as may be recom- 
mended by unanimous vote of the Council in a letter ballot to be taken by the 
Secretary on the recommendation of twenty members of the Society in the 
manner provided hereinafter for proposals for individual members. Councilors 
not heard from within one month from the date of mailing the ballots will be 
counted in favor of the candidate. Honorary members shall not have the right 
to vote, shall not be eligible to office, and shall not be required to pay any fees 
or dues. 

A member in good standing may become a life member, exempt from all 
future payments for dues, by a single payment of an amount equal to twenty 
times the annual dues. Such payments received by the Society shall be placed 
in a separate fund known as the Life Membership Fund. The interest earned 
on this fund shall be used as current income. 

An individual member who has been in good standing for twenty-five years 
or more, who has reached the age of 65 years, and who has retired from active 
professional life, may, upon written request, be designated as a life member 
by vote of the Council, and shall thereafter be exempt from the payment of 
dues. 

The name of each candidate for active individual membership shall be 
proposed in writing to the Secretary by two members by whom the candidate 
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224 CONSTITUTION 


is personally known. The proposal shall state the qualifications on which it is 
based. The name of a candidate for institutional membership shall be pro- 
posed by any member familiar with the work of the institution, on receipt of 
an application signed by a responsible officer thereof. An affirmative letter 
ballot of three-fourths of those members of the Council whose votes reach the 
Secretary within one month from the time of sending out the name of the 
candidate shall elect. Such letter ballot elections, occurring before February 
1, shall be eredited to the previous annual meeting and dues shall date from 
that time; elections occurring after February 1 shal! be credited to the next 
annual meeting and the dues for the remainder of the year shall be one-half 
the annual dues. 
ARTICLE ITI. 


DUvEs. 


1. There shall be no admission fee. 

2. The annual dues shall be as stated in the By-Laws. 

3. Dues are payable in advance at the time of the annual convention, and 
become delinquent at the end of the fiscal year for which they are assessed. 
Dues of new members are payable at the time of election, and become de- 
linquent at the end of the fiscal year within which the members are elected. 

4. Members in arrears one year shall be retained on the roll of the Society, 
but shall not receive publications until such time as all arrearages are paid. 
Members in arrears two years, and who have been duly notified by the Secre- 
tary, shall be dropped from the roll of the Society until such arrearages are 
paid. The Secretary shall notify all members in arrears one month previous to 
the close of the fiscal year. The fiscal year shall terminate on the thirtieth 
day of June. 

ARTICLE IV. 


OFFICERS. 


There shall be a President, a First Vice President, and a Second Vice 
President, each to hold office for one year. There shall be a Secretary and a 
Treasurer, both to be appointed by the Council. In case of a vacancy in the 
office of President, the First: Vice President shall succeed to that office. In 
ease of a vacancy in the office of First Vice President, the Second Vice Presi- 
dent shall succeed to that office. 


ARTICLE V. 
CouNcIL. 


1, The Council of the Society shall consist of twenty-one elective members, 
one-third of whom shall retire annually, and the officers and the past presidents 
of the Society. 

2. Any individual member of the Society shall be eligible to election to the 
Council, provided that not more than one elective member shall be from the 
faculty of any one institution. 

3. The elective officers and members of the Council shall continue in office 
for a period of ten (10) days after their successors shall have been elected. 
ARTICLE VI. 

ELECTION OF OFFICERS AND MEMBERS OF THE COUNCIL. 
1. The President, the two Vice Presidents, and one-third of the elective 


members of the Council shall be elected each year from the individual member- 
ship by ballot of the Society at the annual meeting. ; 
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CONSTITUTION 225 


2. There shall be a Nominating Committee consisting of the past presi- 
dents, the members of the Council retiring the following year, and one mem- 
ber of the Society from each Section, who shall have been elected for a term 
of one year at a regularly called meeting of the Section and duly certified to 
the Secretary of the Society before May 15. If, however, the total number 
of committee members attending any meeting of the Committee for official 
action be less than five, the President shall appoint a sufficient number to 
form a committee of five. The Committee shall report to the Society, at the 
business session provided therefor in the program, its nominations of officers 
for the ensuing year and of councilors for three-year terms and for any incom- 
plete terms necessary to fill vacancies. 

The senior Past President present at the opening of the committee meeting 
shall serve as its chairman. 

Members of the Council who are serving the first year of their terms shall 
be invited by the Secretary to attend the meetings of the Nominating Com- 
mittee as observers without voice. 

By means of a form to be printed in THE JoURNAL OF ENGINEERING Epvu- 
CATION or in the preliminary program of the annual meeting, an opportunity 
shall be given to individual members of the Society to submit names of per- 
sons to be considered for officers and for the Council. These names, on the 
form provided, shall be sent to the Secretary of the Society not later than 
May 15; and, as soon thereafter as possible, the Secretary shall send the 
suggested names to all members of the Nominating Committee. 


ARTICLE VII. $ 
SECTIONS, BRANCHES AND DIVISIONS 


1. A Section of the Society may be formed by members in two or more 
institutions, or by the members within a prescribed territory. A Section may 
be formed in any locality by a temporary organization which shall become a 
duly authorized section of the Society upon the approval of the Council. See- 
tions may determine their own form of organization, but shall operate in 
conformity with the Constitution and the By-Laws of the Society and shall 
make a report of their proceedings to the Secretary of the Society. Sections 
shall be self-sustaining. 

2. A Branch may be formed in any institution by a temporary organiza- 
tion which shall become a duly authorized Branch of the Society upon approval 
by the Executive Committee. Branches may determine their own form of 
organization, but shall operate in conformity with the Constitution and the 
By-Laws of the Society and shall make a report of their proceedings to the 
Secretary of the Society. Branches shall be self-sustaining. 

Branches may codperate with, or be a part of, other organizations having 
the same general purposes as this Society. The general purpose of Branches is 
to extend the interest in, and the discussion of, questions relating to the 
teaching of engineering students and to bring to the Society at large, through 
its publications, the activities in all institutions that will be serviceable to the 
members of the Society. 

8. Papers and discussions presented before Sections or Branches shall be 
the property of the Society and may be published as Society proceedings if 
authorized by the Publication Committee. Permission to publish elsewhere 
may be granted by the Council on condition that the Society receives proper 
credit. 

4. When approved by the Council, Divisions may be formed by any group 
of members for the consideration of questions which relate particularly to that 


group. 
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ARTICLE VIII. 
MEETINGS. 


There shall be at least one annual meeting at such time and place as the 
Society at the preceding meeting, or the Council, if the Society does not act, 
may determine. There shall be sectional and branch meetings as the members 
of the different sections and branches may determine. 


ARTICLE IX. 
PUBLICATIONS. 


1. The formal publications of the Society shall be a monthly journal to 
be published from September to June, inclusive, and a year book. The 
Journal shall contain the proceedings of the annual convention, and such other 
pertinent papers as may be submitted to, and approved by, the Publication 
Committee. A bound volume of the Journal for each current year shall con- 
stitute the Proceedings of the Society. 

2. Each individual member, not in arrears, shall receive the Journal. 
Each institutional member shall be furnished with two copies of the Journal 
and two copies of the Proceedings of the Society. 

Volumes of the Proceedings will be sold to members who subscribe for 
them at a cost to be determined each year by the Executive Committee. Sub- 
seriptions for the Proceedings must be received in advance by the Secretary 
on or before October 15 of each academic year. 


ARTICLE X. 


AMENDMENTS. 


This Constitution may be amended by a two-thirds vote of those present 
at any regular meeting of the Society, provided that all members have been 
notified of the proposed amendment by notices mailed from the Secretary’s 
office at least 30 days prior to the regular meeting at which action is had, and 
provided that the amendment shall have been approved by the Council by a 
two-thirds vote of the members voting by letter or voice. 


BY-LAWS OF THE SOCIETY AND RULES GOVERNING 
THE COUNCIL. 


First. The officers of the Society shall constitute a committee to arrange 
for the annual meeting and to prepare a program for it. 

Second. The President, the two Vice-Presidents, the Secretary, and the 
Treasurer shall constitute an Executive Committee which shall have charge of 
all matters relating to the expenditure of money of the Society, the making of 
contracts, the approval of bills, and also during the period between the meet- 
ings of the Council shall have charge of other business affairs of the Society. 

Third. Expenditures of money may be made only in accordance with a 
definite appropriation or by direct vote of the Executive Committee, 

Fourth. The annual dues shall be $5.00 for individual members, and 
$15.00 for institutional members. 

Fifth. Reading of papers shall be limited to fifteen minutes each, or to 
such other time as may be designated by the Program Committee, and abstracts 
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CONSTITUTION 227 


of papers of about three hundred words shall be printed when practicable, and 
distributed in advance to the members. 

Sixth. The time occupied by each person in the extemporaneous discus- 
sion of any paper shall not exceed five minutes, 

Seventh. The President, the Secretary, and the retiring president shall 
constitute a Publication Committee, of which the Secretary shall be chairman, 
to edit and to have charge of the publication of the monthly Journal. 

Eighth. The subscription price of the Journal shall be three dollars per 
year, payable in advance. 

Ninth. Any educational institution which has one or more of its cur- 
riculums accredited by the Engineers’ Council for Professional Development 
shall be considered as ‘‘recognized’’ within the meaning of the constitutional 
requirement for active institutional membership, and no other educational in- 
stitution within the United States or its territorial possessions shall be so 
considered. 

Tenth. Any engineering degree-granting educational institution in con- 
tinental North America, outside of the United States, shall be considered as 
‘recognized ’’ ; 

(a) If one or more of its engineering curriculums have been accredited 
by an agency whose standards are adjudged by the Council of the Society to be 
not lower than those of the Engineers’ Council for Professional Development, or 

(b) If no suitable accrediting agency is available to appraise its engi- 
neering curriculums, but one or more of these curriculums are adjudged by the 
Council of the Society, upon satisfactory evidence, to meet standards not lower 
than those of the Engineers’ Council for Professional Development. 

Eleventh. Any Junior College or other educational institution giving in- 
struction which is adjudged by the Council of the Society, upon satisfactory 
evidence, to be substantially equivalent to the first two years of one or more 
curriculums accredited by the Engineers’ Council for Professional Develop- 
ment shall be considered as among those institutions ‘‘ giving instruction in 
engineering’’ within the meaning of the constitutional requirement for associate 
institutional members. 

Twelfth. Additions or amendments may be made to these By-Laws at any 
regular meeting of the Society by a two-thirds affirmative vote of the mem- 
bership present at the business session, provided that the additions or amend- 
ments shall have been approved by a two-thirds affirmative vote of the Council 
membership in attendance at the meeting, and shall have been recommended 
by that body for adoption. 











